Feasibility of Following a Low Free Sugars Diet in New Zealand: A Mixed-Methods Exploratory Study by Olney, Sonja
 
 
Feasibility of Following a Low Free Sugars Diet in New 
Zealand: A Mixed-Methods Exploratory Study 
 
 
Sonja Patricia Olney 
 
 
A thesis submitted in partial fulfilment of the requirements for the degree of  
Master of Dietetics 







Background: To reduce morbidity associated with dental caries and weight gain, the World 
Health Organisation recommends intakes of free sugars should be less than 5% of total energy 
intake. Free sugars are defined as monosaccharides and disaccharides added to foods by the 
manufacturer, cook, or consumer and sugars naturally present in honey, syrups, unsweetened 
fruit juices and fruit juice concentrates. Current population intakes of free sugars in New 
Zealand are unknown and few studies have investigated the barriers and facilitators to 
following this recommendation. This mixed-methods exploratory study aimed to investigate 
the feasibility of following a low free sugars diet in healthy New Zealand adults, and whether 
this influences intakes of other nutrients associated with healthy eating and cardiovascular 
risk. 
Methods: Fourteen university students from Dunedin participated in a four-week low free 
sugars nutrition intervention. Participants attended weekly clinics for nutrition advice which 
incorporated label reading, including the supporting smart-phone application FoodSwitch

, 
food exchanges, low free sugars recipes and recommendations to use non-nutritive artificial 
sweeteners. Participants provided baseline and follow-up dietary intake data via a 3-day 
weighed diet record. Semi-structured interviews at baseline addressed participant rationale for 
joining the study, perceived challenges in following this diet and perceived main sources of 
free sugars. Follow-up interviews assessed barriers and facilitators experienced and other 
changes in dietary intake. Interviews were analysed using thematic template analysis. 
Results: From baseline to follow-up, mean daily intakes of free sugars decreased from 14.1% 
to 3.0% of total energy intake (95% confidence interval -15.2 to -7.1; P < 0.0001), mean daily 
intakes of total carbohydrate decreased from 282g to 222g (-100.8 to -18.2; P = 0.0082) and 




From baseline to follow-up, mean body weight decreased from 68.9kg to 67.9kg (-1.8 to -0.2; 




(-0.6 to -0.1; 
P = 0.0217). Eight significant themes emerged from analysis of interview transcripts; 
Changing mentality around sugar consumption; Love for sugar - cravings, addiction and a 
sweet tooth; Going low sugar; Sugar in social situations; Becoming sugar aware; A shift in 
eating norms; The challenge of the current food environment and; The usefulness and 
awareness raising potential of the study and its supports. Main barriers were: managing 
sweetness desire; finding alternatives low in sugars; laxative side-effects and financial cost of 
artificially sweetened products; investing time and effort to plan and prepare food in advance; 
reading and interpreting nutrition labels; resisting social pressure to eat sugary foods and 
beverages; and choosing options low in sugars away from home. Main facilitators were 
planning and preparing food in advance; cooking meals from scratch; reading and interpreting 
nutrition labels to find options low in sugars with the support of the FoodSwitch

 application 
and the label-reading wallet card; replacing options high in sugars for those low in sugars; and 
the support of weekly clinics. 
Conclusion: With support, university students were able to reduce their free sugars intake to 
align with the World Health Organisation recommendation that this should be less than 5% of 
total energy intake. However, there are many barriers to reducing intakes of free sugars in 
modern food environments and as a consequence of modern lifestyles. More supportive food 
environments, community action and health policies are needed to help individuals and 







This is a mixed-methods exploratory study which follows on from, and will complement, two 
recently submitted Master of Dietetics theses (currently under examination) that derived new 
estimates of intakes of free and added sugars in New Zealand (1, 2). For these previous theses, 
estimates of free sugars and added sugars were calculated for items contained in the New 
Zealand food composition database and then population intakes of free sugars stratified by 
gender, age class and ethnicity were estimated using dietary intake data from the Adult 
Nutrition Survey 2008/2009 (1). The current thesis (hereafter referred to as the ‘research 
project’) adds to these two pieces of research by taking a more qualitative approach by 
exploring how and why it is easy or difficult for healthy New Zealand adults to follow a diet 
low in free sugars. The ‘researcher’ refers to the Master of Dietetics student who conducted 
this research project. The research project was designed by the researcher’s supervisors Dr 
Lisa Te Morenga and Dr Rachael McLean and the researcher accepted this project due to a 
personal interest in dietary sugars and its current popularity in mainstream media. This project 
was funded by the University of Otago Human Nutrition Department and began on August 31 
2015 for six weeks and re-commenced July 4 2016 for 21 weeks. Over this period, the 
researcher and supervisors met weekly to discuss the thesis and the researcher was responsible 
for the following tasks: 
 Contributing to the development of the study intervention 
 Completion of ethical approval (University of Otago Human Ethics Committee: 
Category B) for submission by Dr Lisa Te Morenga 
 Review of the literature on dietary sugars and reduction interventions 
 Registration of the study with the Australian New Zealand Clinical Trials Registry 
 Development of written dietary resources for the participants 




 Recruitment of participants 
 Development of an electronic free sugars semi-quantitative food frequency 
questionnaire and using this to screen for participant eligibility 
 Booking and scheduling appointments with participants, including email reminders 
 Booking of equipment needed for dietary assessment 
 Arrangement of study incentives for participants 
 Conducting participant clinics and semi-structured interviews 
 Entry and analysis of 3-day weighed diet records through Kai-culator 
 Assembling dietary data for analysis in STATA by Dr Lisa Te Morenga 
 Transcribing semi-structured interviews verbatim 
 Thematically analysing transcripts in conjunction with Dr Lisa Te Morenga and Dr 
Rachael McLean 
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1 Introduction  
Non-communicable diseases (NCDs) are the leading cause of mortality world-wide, 
accounting for 68% of the world’s deaths in 2012 (3). Cardiovascular disease (CVD) accounts 
for the most NCD-related deaths followed by cancers, respiratory diseases and diabetes (3). 
Obesity is the second biggest risk factor attributable to NCD deaths and is a major global 
health challenge at present for both adults and children (4, 5). Between 1980 and 2013, the 
global prevalence of overweight and obesity increased by 27.5% for adults and 47.1% for 
children (5). In New Zealand (NZ), 30.7% of adults aged 15 years and over and 10.8% of 
children aged 2-14 years were classified as obese in 2014/15, having increased from 26.5% 
and 8.4% respectively since 2006/07 (6). Improving diet quality is key in helping to prevent 
and treat obesity and its associated NCDs (3). Specifically, reducing high intakes of free 
sugars is an ideal target as these tend to be sourced within nutrient poor, energy dense foods 
and beverages (F&B) and if consumed in excess, can lead to weight gain (7-10). Excessive 
intake of free sugars has also been linked with dental diseases, one of the most prevalent 
NCDs globally which substantially impacts quality of life and health care resources (7, 8, 11-
16). In NZ, dental decay is the most prevalent chronic disease with untreated dental decay 
being a major concern amongst adults aged 18 years and over (17). To prevent excessive 
weight gain and reduce the risk of dental caries, the World Health Organisation (WHO) has 
produced a set of recommendations that intakes of free sugars in adults and children should 
be: (i) reduced throughout the life-course (strong recommendation); (ii) less than 10% of total 
energy intake (TE) (strong recommendation) and; (iii) further reduced to less than 5%TE for 
additional health benefits (conditional recommendation) (18). Furthermore, one of the 
voluntary global targets contained in the WHO Global Action Plan for the Prevention and 
Control of NCDs 2013-2020 is to halt the rise in obesity and diabetes (19). Few countries 




cannot be reliably estimated as our national food composition database only measures total 
sugars, monosaccharides and disaccharides (23). However, research is underway to calculate 
estimates of free sugars for these items (1). 
It is not known how feasible it is for healthy NZ adults to comply with the WHO conditional 
recommendation on free sugars within the current food environment. In order to establish 
robust public health policies in individual-based settings, it is pivotal to understand how and 
why it is easy or difficult for individuals to follow this recommendation which warrants a 
qualitative rather than quantitative research approach. As this recommendation has been 
established partly on the rationale of weight gain, an intermediate risk factor for CVD, it is 
worthwhile exploring whether adherence is associated with other dietary changes that 
influence cardiovascular risk. A few studies have explored the factors which help or hinder 
adherence to a reduced dietary sugars intake (24-26) but not in the context of NZ. Also, 
although some studies have explored the dietary changes associated with a low sugars diet 
there is no consensus regarding the nutrients related to cardiovascular health (27-33). 
Therefore, this study aims to investigate whether healthy NZ adults are able to achieve and 
adhere to a diet compliant with the WHO conditional recommendation on free sugars across a 
short-term period of four weeks; identify the barriers and facilitators which exist to following 
this recommendation and; explore whether this diet results in other dietary changes that could 
impact on cardiovascular health. Understanding the feasibility of following a low free sugars 





2 Literature Review 
2.1 Introduction 
Consumption of dietary sugars and their effect on health is a topical issue in the scientific and 
lay literature, with much debate between public health experts and the sugar industry (34). It 
is well-established that consuming excess ‘added (extrinsic)’ or ‘free’ sugars can be 
detrimental to health as they contribute excessive energy with few other beneficial nutrients, 
whereas consumption of intrinsic sugars (found naturally in intact fruits, vegetables and dairy 
products) can benefit health as this usually co-occurs with consumption of other beneficial 
nutrients (35). High intake of added or free sugars has been linked to elevated CVD risk 
factors (36-38), type 2 diabetes and metabolic syndrome (39-41) weight gain (9, 42, 43) and 
dental caries (44). Moynihan and colleagues found moderate quality evidence indicating a 
positive association between a free sugars intake greater than 10%TE and dental caries 
development (44). Additionally, they found that intakes of approximately 10%TE were 
associated with greater dental caries development compared to intakes of half this amount 
(44). This finding, along with that showing an association between free sugars intake and 
weight gain (9), became the underpinning evidence for the WHO conditional recommendation 
that free sugars in the diet should not exceed 5%TE (18).  
This chapter will explore the definitions and recommendations surrounding different dietary 
sugars in the literature as well as common dietary sources. Current governmental and 
individual approaches to reduce dietary sugars will also be examined including the barriers 
and facilitators experienced by individuals and the effect this diet may have on other nutrients. 
This will help to gather an idea about the feasibility of a low free sugars diet and its associated 





2.2 Search methods 
To search for published literature the databases used were ‘CINAHL (EBSCOhost)’, 
‘Medline (Ovid)’ (including ‘PsycINFO (Ovid)’) and ‘Scopus’. The search terms used were: 
‘sugars’, ‘dietary sucrose’, ‘free sugars’, ‘added sugars’, ‘qualitative’, ‘diet, reducing’, 
‘intervention’, ‘behaviour change’, and ‘New Zealand’. These were searched independently 
and in different combinations and only literature in the English language was used. Websites 
were also searched to obtain health surveys, reports and guidelines. Additionally, references 
of potential importance contained in the references list of the relevant literature were reviewed 
and referenced if deemed relevant. 
2.3 Different definitions for dietary sugars  
As there are a plethora of terms used to describe dietary sugars, it is important to clarify these 
in order to understand the WHO recommendation as well as those set by other authoritative 
bodies and countries. Descriptions of these terms are outlined in Table 2.1. 
Table 2.1 Dietary sugars definitions 
Sugar term Definition 
Sugar Purified sucrose (45) 
Simple carbohydrates 
(sugars) 
Monosaccharides (e.g. glucose, galactose and fructose) and disaccharides (e.g. sucrose, 
lactose and maltose) (46) 
Complex 
carbohydrates 
Glucose-containing polysaccharides (e.g. starch) (46) 
Naturally occurring 
(intrinsic) sugars 
Sugars within the cellular structure of intact fruits and vegetables and sugars naturally 
occurring in milk and milk products (46) 
Added (extrinsic) 
sugars 
Sugars and syrups added to foods during processing, food preparation, or at the table 
which do not include sugars naturally occurring in honey or unsweetened fruit juices 
(47) 
Free sugars Monosaccharides and disaccharides added to foods by the manufacturer, cook, or 
consumer and sugars which are naturally present in honey, syrups, unsweetened fruit 
juices and fruit juice concentrates (18) 
Non-milk extrinsic 
sugars (NMES) 
All the sugars defined as free sugars plus 50% of the sugars found in dried, stewed 
and/or canned fruit (47) 




It is important to recognise that naturally occurring (intrinsic) sugars within certain foods (e.g. 
fruit) and beverages (e.g. milk) are not associated with adverse health consequences and the 
foods containing them are recommended as part of a healthy diet (18). It is the excessive 
consumption of added or free sugars which can be detrimental to health, therefore 
recommendations tend to focus on moderating intakes of these types of sugars (18). 
2.4 Recommendations for dietary sugars set by authoritative bodies  
Authoritative bodies have set slightly different recommendations around added or free sugars 
in the diet.  In 1989, the WHO study group established a population nutrient intake goal that 
intakes of free sugars should not exceed 10%TE (7). This goal was maintained in 2002 
following a joint WHO and Food and Agriculture Organisation expert consultation process 
(8) despite arguments from the sugar industry that the evidence was questionable, that there 
was a lack of transparency in the report development process, and that this recommendation 
could negatively impact the sugar economy (48). In 2015, the WHO updated their guidelines 
based on a more systematic evaluation of the evidence which reconfirmed this 
recommendation and also proposed a conditional recommendation that intakes of free sugars 
should be further reduced to less than 5%TE (18). Recommendations on dietary sugars set by 
other authoritative bodies are outlined in Table 2.2.  
Table 2.2 Dietary sugars recommendations set by other authoritative bodies 
Authoritative body Country of Origin Dietary sugars recommendation 
Scientific Advisory Committee on 
Nutrition (2015) 
United Kingdom Less than 5% of total energy intake 
from free sugars (47) 
Institute of Medicine (2002) United States Less than or equal to 25% of total 
energy intake from added sugars (49) 
American Heart Association (2010) United States Added sugars should not exceed 
approximately 5.6% of total energy 
intake for American women and 
approximately 6.8% of total energy 




The recommended upper limit for added sugars set by the Institute of Medicine (IOM) of 25% 
is higher than the free sugars recommendation set by the WHO and was developed in 
consideration of avoiding micronutrient dilution (35, 49). Nonetheless, the sugar industry 
have used the higher IOM limit to argue against the WHO recommendations for free sugars 
(48). Having different recommendations and terms for dietary sugars can generate confusion 
as to which recommendation should be followed especially when there is misuse and 
misunderstandings of these terms. Furthermore, arguments from the sugar industry and the 
fact that countries have set their own recommendations around dietary sugars can exacerbate 
this confusion. 
2.5 Country recommendations for dietary sugars and population intakes 
The NZ Eating and Activity Guidelines recommend people choose or prepare F&B with 
minimal or no added sugars (50). However, population intakes of added or free sugars, cannot 
currently be measured as the NZ Food Composition Tables only contain analytically based 
information on total sugars, monosaccharides and disaccharides (23). In the 2008/2009 New 
Zealand Adult Nutrition Survey (ANS 08/09) comprising 4721 New Zealanders aged 15 years 
and over, mean total sugars comprised approximately 20%TE for the NZ population as a 
whole (51). ‘Sugar’ typically refers to table sugar (also known as sucrose) and sucrose 
comprises approximately 9.5% of New Zealand adults total energy intake (51). Males and 
those aged under 30 years tend to consume the most sucrose (51). Some studies have used 
‘sugar’ or ‘sucrose’ as a proxy for intakes of added or free sugars (52-54) but this is not 
entirely accurate considering its natural occurrence in items such as fruit. However, in NZ it is 
the best available surrogate at present and research is currently underway to generate 
estimates of free sugars for items in the NZ Food Composition Tables in order to estimate 
intakes of free sugars based on ANS 08/09 data (1). Thus, the extent to which New 




intakes of free sugars would enable improved monitoring of whether the Eating and Activity 
Guidelines were leading individuals to make healthy choices low in free sugars. 
Recommendations and population intakes of dietary sugars from other countries are outlined 
in Table 2.3. From these studies, it appears that males and younger age groups (i.e. under 18 
years of age) are the highest consumers of free sugars, added sugars or NMES intakes on a 
%TE basis (21, 22, 55-57).  
Table 2.3 Recommendations/Guidelines from selected countries and adult intakes of particular dietary 
sugars 
Country Dietary sugars recommendation Population intakes of particular dietary 
sugars 
Australia Australian Dietary Guidelines (2013) 
recommend that intakes of foods containing 
saturated fat, salt, added sugars and alcohol 
should be limited (58) 
2011-2012 Australian Health Survey showed 
mean free sugars intakes of study population 
comprised 11.7% of total energy intake (22) 
United 
States 
Dietary Guidelines for Americans (2010) 
recommend that intakes of solid fats and added 
sugars should not exceed 5-15% of total energy 
intake (59) 
2005-2010 United States National Health and 
Nutrition Examination Survey showed mean 
added sugars intakes of study population 
comprised 14.9% of total energy intake (55) 
United 
Kingdom 
Dietary Reference Values for Food, Energy and 
Nutrients (1991) recommend that intakes of 
non-milk extrinsic sugars should not exceed 
10% of total energy intake (60) 
2008/2009 – 2011/2012 National Diet and 
Nutrition Survey showed mean non-milk 
extrinsic sugars intakes of adults aged 19-64 
years comprised 11.5% of total energy intake 
(56) 
Ireland Scientific Recommendations for Healthy Eating 
Guidelines in Ireland (2011) recommend that 
intakes of non-milk extrinsic sugars should not 
exceed 10% of total energy intake (61) 
1997-1999 North/South Ireland Food 
Consumption Survey showed mean added 
sugars intakes of adults aged 18-64 years 
comprised 9.4% of total energy intake (57) 
Netherlands Nordic Nutrition Recommendations (2012) 
recommend that intakes of added sugars should 
not exceed 10% of total energy intake (62) 
2007-2010 Dutch National Food Composition 
Survey showed mean free sugars intakes of 
study population comprised 14.2% of total 






A lack of measurement of country-level population intakes of free sugars, with the exception 
of Australia and the Netherlands, makes it difficult to determine adherence to WHO 
recommendations. Based on intakes of added sugars in the United States (US) and Ireland and 
non-milk extrinsic sugars (NMES) intakes in the United Kingdom (UK), it is unlikely that 
these populations meet the WHO conditional recommendation for intakes of free sugars. 
2.6 Dietary sources of free sugars 
To successfully reduce intakes of free sugars it is important to be aware of common dietary 
sources. US data analysis from the 2009-2010 National Health and Nutrition Examination 
Survey, indicated that ‘ultra-processed’ foods comprised 89.7%TE from added sugars (10). 
Ultra-processed foods are formulations of several ingredients including salt, sugar, oils and 
fats and food substances such as flavours, colours, sweeteners, emulsifiers and other additives 
(10). Main sources of added sugars amongst these foods were sugar-sweetened beverages 
(SSBs) (17.1%), fruit drinks (13.9%), milk-based drinks (4.6%), cakes, cookies and pies 
(11.2%), breads (7.6%), desserts (7.3%), sweet snacks (7.1%), breakfast cereals (6.4%), and 
ice-creams and ice-pops (5.9%) (10).  The risk of consuming more than 10%TE from added 
sugars increased with increasing ultra-processed food consumption making these foods ideal 
targets for free sugars reduction interventions (10, 63). Replacing some of these foods with 
more healthy, minimally processed foods containing starch or natural sugars could produce 
health benefits in addition to those achieved by reducing free sugars (47). Although breads 
and breakfast cereals were classified as ultra-processed foods these are still recommended as 
part of a healthy diet and should continue to be consumed although choosing wholegrain 
varieties is emphasised (50). Moreover, breads and breakfast cereals did not substantially 
contribute to intakes of added sugars compared to categories such as SSBs which would be a 




2.7 Effect of reduced intakes of dietary sugars on other nutrients 
Often when the focus is placed on reducing a specific nutrient, intakes of other nutrients may 
be altered which may be beneficial or detrimental to health. High intakes of added sugars 
have been found to be negatively associated with intakes of micronutrients such as thiamin, 
riboflavin, niacin, folate, calcium, iron, zinc and vitamins A, B6 and B12; those typically 
associated with ‘healthy’ or ‘core’ foods (27). The “sugar-fat seesaw” is a common theme 
reported throughout the literature which posits that as the %TE from total sugars decreases, 
the %TE from total fat increases (28). Based on the systematic review by Sadler et al (28), the 
evidence regarding total fat and extrinsic sugars is less consistent. In this review, only a few 
studies analysed the sugars-fat relationship in absolute amounts but there was found to be a 
positive association between intakes of absolute amounts of total or extrinsic sugars and total 
fat (28). In regards to other nutrients, there was evidence of an inverse association between 
%TE intakes of saturated fat and total sugars but evidence was inconsistent for %TE intakes 
of saturated fat and extrinsic sugars and there was no evidence on the basis of absolute 
amounts (28). An inverse association was found between %TE intakes of extrinsic sugars and 
mono- and poly-unsaturated fats and between %TE and intakes of absolute amounts of total 
or extrinsic sugars and protein (28). There was limited evidence on sugars and starch and 
sugars and fibre but there appeared to be an inverse association between %TE intakes of total 
or extrinsic sugars and starch and %TE intakes of extrinsic sugars and fibre (28). Dietary 
sodium intake has also been found to be closely related to dietary sugars intake as reducing 
salt consumption decreases thirst and consumption of SSBs, which could help lower dietary 
sugars intakes (31-33). However, a feasibility study by Lofthouse et al found that in most 
participants, reducing sodium intakes did not appear to change intakes of other nutrients (29). 
However, this study was not adequately powered to detect statistically significant differences 
in nutrient intakes. It is noteworthy that some studies supporting the sugars-fat inverse 




and health supported by the industry is more likely to show no association (66, 67). For 
example, a pilot study conducted in 2003 by Drummond et al (65) which was funded by The 
Sugar Bureau, stated that the health benefits of reducing dietary sugars intake is minimal 
because it is dietary fat which is closely related to diet-related disease, a statement which has 
been echoed for decades (68). The authors referred to a 1998 WHO report however this report 
recommended moderation of dietary sugars to avoid excessive energy consumption and 
micronutrient dilution (45).  In order to achieve multiple recommendations, maximise overall 
dietary quality and prevent consumer confusion it may be more effective to focus on dietary 
patterns rather than single nutrients, foods or meals (69). For example, Gibson and Ashwell 
analysed sugars in the context of dietary patterns amongst British adults and found that a 
‘health conscious’ pattern emphasising vegetables, fruit, water and fish was negatively 
correlated with both NMES, saturated fat and salt (30).   
2.8 Approaches to reduce intakes of dietary sugars 
Assessment of the interventions which have been successful in reducing dietary sugars intake, 
especially at an individual level, will act to inform the interventions adopted for this research 
project. However, in order to enable behaviour change, health promotion cannot solely focus 
on motivating and educating people (70). It is integral that the environment is supportive of 
this change, communities are activated, and healthy public policies are enacted (71). 
2.8.1 Government-based approaches 
Many government interventions targeted at reducing intakes of dietary sugars tend to focus on 
a holistic approach to reducing dietary sugars by reducing intakes of other risk nutrients such 
as sodium and saturated fat. However, there are interventions which solely target dietary 




free sugars intake, particularly among young people (51), are a discretionary item, and have 
few nutritional benefits (72). 
2.8.1.1 Taxation 
Increasing the price of SSBs through a dedicated tax has been reported as a potential strategy 
to reduce consumption in adults and children. Countries including Mexico, France, Hungary 
and a few US states have recently introduced taxes on SSBs with emerging evidence 
suggesting effectiveness in reducing SSB purchases (73). For example, one year post-
implementation of a 10% price increase per litre of all SSBs in Mexico, the average volume of 
taxed beverages purchased monthly has decreased by 6% and purchases of untaxed beverages 
(e.g. bottled water) have increased by 4% (74). There has yet to be published data on the 
health impact of this initiative; however, results might be promising, especially for individuals 
of a low socioeconomic status (75). Taxation of SSBs has not been introduced in NZ and is 
not favoured by the current government (76, 77). An online experimental study of 604 New 
Zealanders aged 13-24 years found that a 20% tax on SSBs only had a small, non-significant 
effect on purchasing probability which the authors speculated may have been due to the 
methods in implementing the tax (e.g. price display below the SSB image rather than on a 
price label as seen in supermarkets) (78). Opinion pieces have suggested that a tax on SSBs 
would be a health and revenue benefiting initiative in NZ (79, 80). 
2.8.1.2 Food labelling 
Nutrition labelling can enable consumers to better identify healthier products, thereby 
allowing greater control over intakes of dietary sugars. Interpretative labels such as the traffic 
light system currently in use in the UK, are better understood by consumers and may be more 
likely to change purchasing behaviours (81). The use of plain packaging and warning labels, 




purchasing practices (78). Development of the smartphone application (app) FoodSwitch

 
(82) which uses the traffic light concept also appears to be a promising initiative (83). This 
app enables individuals to scan barcodes of F&B using their smartphone which generates 
information on the content of energy, salt, total sugars, fat and saturated fat based on traffic 
light colours (83). Despite evidence showing benefit in using traffic light labelling the 
voluntary health star rating system has been prioritised in NZ even though there is limited 
evidence regarding how it will influence food choice (84). Traffic light labelling indicates the 
level of single nutrients present based on traffic light colours where red denotes high levels, 
amber denotes moderate levels and green denotes low levels whereas the health star rating 
provides a summary rating for the whole food rather than single nutrients and awards more 
stars for increasing ‘healthiness’. Although it is mandatory to have a nutrition information 
panel (NIP) on F&B in NZ, this does not include information on added or free sugars content. 
Mandating the inclusion of free or added sugars content in the NIP, as recently done by the 
US Food and Drug Administration for added sugars (85) would help consumers in making 
decisions that better align with free sugars recommendations (86).  
2.8.1.3 Reformulation 
The food industry has responded to concerns about dietary sugars by manufacturing more 
sugar-free and low sugar products (87). As part of France’s National Nutrition and Health 
program, numerous food companies have made a commitment to reformulate their products to 
contain 5-12% less free sugars in soft drinks, breakfast cereals, pastries and nectars (88). In 
2010, it was found that 11,700-13,000 tonnes of sugars had been removed from the French 
global food market (88). Tescos

 in the UK have also recently made a similar commitment to 
reduce the sugars content of their own SSBs (89). This reformulation of F&B, especially 
SSBs, to contain less free sugars will likely elicit substantial health benefits as illustrated in a 




years would lead to a reduction of approximately 0.5 million and 1 million adults from being 
overweight and obese respectively and prevent 274,000-309,000 cases of type 2 diabetes (90). 
In NZ, the Heart Foundation tick programme, and health star rating system can encourage 
reformulation of products to gain better ratings (91). However, reformulation mainly focuses 
on sodium, saturated fat and trans fat as opposed to added and free sugars (91). 
2.8.1.4 Food marketing 
Food marketing can undermine public health messaging and behaviour change strategies. 
Self-regulation of food advertising has been adopted in the US and Australia although energy 
dense, nutrient poor F&B including SSBs and foods high in sugars are still being advertised 
(92, 93). Thus, government-enforced regulation may be warranted such as that in South Korea 
where advertisement of foods containing >17g of sugars and <2g of protein per serving is 
restricted between 5:00pm and 7:00pm and during breaks of children’s programs at any time 
(94). In NZ, the Advertising Standards Authority oversees self-regulation of advertising 
which includes a Code for Advertising of Food and a Children’s Code for Advertising Food 
which states that advertising of foods high in sugars should not: be portrayed as beneficial to 
health; encourage frequent, repeat purchasing of these foods or; claim to be low fat or fat-free 
and vice-versa (95). The Children’s Code also states that foods high in sugars should not be 
endorsed by characters well-known to children (95). The Children’s Code and Code for 
Advertising to Children has recently been reviewed and a draft Children and Young People’s 
Advertising Code was proposed which combines these two documents (96). A key aspect was 
that an interim nutrient profiling system is to be used for advertisements (96). The Food and 
Beverage Classification system was accepted in that unhealthy or occasional F&B cannot be 
advertised when children make-up equal to or greater than 25% of the audience (96). 




fruit) which have not been assigned sugars criteria and can sometimes have sugars added to 
them. 
2.8.2 Individual-based approaches 
Although taxation, food labelling, reformulation and food marketing can be effective in 
changing the environment to support behaviour change, there is still a need to motivate and 
educate people to implement this change (70).  
Achieving a balanced diet which meets multiple nutrient recommendations can be 
challenging. Erickson et al examined the total and added sugars content of different meal 
plans developed by the United States Department of Agriculture and Academy of Nutrition 
and Dietetics (AND) and only the AND plans complied with the WHO conditional 
recommendation for free sugars (97). Adherence to these plans was assumed to be too 
challenging for the average American as it would require them to double their fruit and 
vegetable (F&V) intakes and eliminate all SSBs (97). This may not necessarily translate to the 
NZ context as our mean intakes of SSBs are reportedly one of the lowest globally (72) and 
our F&V intakes are higher than in US adults (51, 98). Meal plans in accordance with the free 
sugars recommendation and other nutrient recommendations have also been developed by the 
British Nutrition Foundation (99).  To comply with these plans, the Foundation stated that 
rigorous support, practical advice and innovative food solutions are required (99). 
Implementation of meal plans has been explored by West and colleagues (53) as part of a 
weight reduction trial. Participants were assigned to a plan containing 5% or 10%TE from 
sucrose and a reduction in daily energy intake (EI) of 2500 kJ (approximately 600kcal) (53). 
Each plan contained foods divided into food groups and outlined food swaps which differed 
by carbohydrate source (sugars or starch) (53). Both groups achieved a similar weight 




included or not (53). An advantage of the plans was that they were personalised; an important 
part of effective nutrition education. Tailoring information has been found to improve intakes 
of F&V and fat beyond six months so could also apply to improving intakes of dietary sugars 
(100).  
Incorporating behaviour change theories into nutrition interventions can increase effectiveness 
in prompting behaviour change (101). One of the most rigorously studied theories is the 
theory of planned behaviour (TPB) which has been applied to changing SSB consumption 
(102, 103). This theory assumes that behavioural intention is the best predictor of a behaviour, 
which is shaped by an individual’s attitude, social normative perceptions and perceived 
behavioural control in regards to a specific behaviour (104). Zoellner et al (26) explored the 
beliefs surrounding SSB consumption in 54 adults. Common positive associations with SSBs 
were taste, caffeine/energy, and vitamins (26). The most common negative association was 
sugars content (26) a finding also supported by Battram et al (105) who explored SSB 
consumption in 51 children. In adults, perceived health benefits of SSBs were that they were a 
good source of energy during illness and are thirst quenching with the perceived health 
detriment being dental cavities (26). Doctors and peers were reported as the most important 
influencers of SSB consumption for adults (26) whereas for children, parents were most 
influential (105). In adults, availability and convenience, can size and cost were reported as 
barriers to reducing SSB consumption whereas increased availability and convenience of 
other beverages would make it easier to limit SSB consumption (26). Participants reported 
that drinking more water and replacing SSBs with healthier alternatives would help them meet 
SSB recommendations (26). In children, potential strategies were education on the negative 
health effects; education on healthier options; policies targeted at reducing advertisements; 
increasing prices; introducing incentives to purchase healthier beverages and; removing SSBs 




the findings from adults to develop an intervention called ‘SIPsmartER’ which aimed to 
reduce SSB intakes amongst adults living in rural Southwest Virginia. This comprised 
educating participants on SSB intake recommendations and the ease/difficulty of meeting 
these; recognising health risks, evaluating the influence of others; identifying healthier 
alternatives with the support of a traffic light system; calculating personal SSB intake (and 
consequent energy contribution and financial cost); developing a plan (outlining current 
behaviour, goal, barriers and strategies) and development of critical thinking skills to analyse 
and evaluate SSB advertisements (103). Those assigned to SIPsmartER for six months 
significantly decreased SSB intakes by 227kcal/day and body mass index (BMI) by 
0.21kg/m
2 
compared to those assigned to a physical activity intervention (106). 
The TPB was also used to understand factors influencing consumption of added sugars in 
pregnant Canadian women (25). Women who reduced their added sugars intake did so as they 
believed this would positively affect their pregnancy (25). Those who did not, perceived no 
health issues and experienced greater social inclusion, pleasure, and comfort (25). The 
majority experienced social pressure to indulge in high sugar foods (25). A lack of perceived 
behavioural control to lower added sugars intake may have been due to a lack of knowledge 
on health effects of excessive intakes of added sugars and a lack of health professional 
guidance about intakes during pregnancy (25). This study did not look at the application of an 
intervention to reduce intakes of added sugars and findings are restricted to the population 
group of pregnant women. This is similar to a study examining the impact of dietary sugars 
restriction in Tanzanian students (24). Those with strong intentions to reduce dietary sugars 
considered the benefits of protection from tooth decay and microbial growth, avoidance of 
becoming overweight, prevention of diabetes and feeling better, more likely to occur 
compared to those with weak intentions (24). They also reported costs in terms of missing the 




between meals less likely to occur (24). They were more likely to believe that dentists and 
doctors wanted them to reduce dietary sugars and were motivated to comply with their advice 
(24). Those with weak intentions were more likely to recognise the barriers of boredom, 
fatigue and not having enough money to reduce dietary sugars (24). However, translating 
these findings into an intervention was not conducted. Studies have looked at how the TPB 
can be used to explain dietary sugars consumption behaviour, especially in regards to SSBs 
and as a result these can be targeted in interventions designed to reduce dietary sugars 
consumption. However, there are few studies looking at the application of interventions 
targeted at dietary sugars reduction to evaluate success and whether recommendations 
surrounding dietary sugars are feasible. 
Behaviour change strategies such as motivational interviewing (often used alongside the 
transtheoretical model), self-monitoring, problem-solving, goal-setting and social support are 
also suggested to be a part of successful nutrition counselling interventions (101). Mindful 
eating interventions have also proved successful especially in regards to reducing intakes of 
sweet foods and desserts (107). In a study by Petrogianni and colleagues, 108 
hypercholesterolaemic adults were assigned to a three month nutrition intervention or were 
simply given a pamphlet outlining a healthy lifestyle (108). Counselling sessions were based 
on aspects of the Health Belief Model and Social Cognitive Theory and focused on raising 
awareness of health issues, promotion of goal setting, and increasing self-efficacy (108). 
Regular self-monitoring of goal progress was encouraged and barriers and benefits to 
achieving goals were regularly discussed (108). Reductions in EI from solid fats, alcoholic 
beverages and added sugars as a collective were found (108). Positive reinforcement 
techniques, stimulus control, pre-planning and problem solving to help manage difficult 
eating situations also underlie successful nutrition interventions (109). Furthermore, advice 




reading food labels and food shopping may also prove beneficial (109). Participants in the 
study by Epstein et al (109) were 30 families comprising one obese parent and a 6- to 11-year-
old non-obese child. Families who were advised to decrease their dietary fat and sugars 
intakes for six months successfully achieved this, and those advised to increase their F&V 
intakes achieved this in addition to decreasing their dietary fat and sugars intakes (109). 
Parents in the latter group also showed a greater reduction in the percentage who were 
overweight compared to parents advised to reduce dietary fat and sugars intakes only (109). 
This suggests that an effective way to help individuals reduce their intakes of dietary sugars 
could be by focusing on overall dietary patterns and what nutrient-dense foods can replace 
these. A similar study involving 1013 families, provided rigorous monthly nutrition support to 
participants over eight months including advice on portion control, consumption frequency, 
food substitutions and meal preparation modifications (110). Details were not explicit 
regarding dietetic counselling approaches; advice was said to be based on social and 
psychological participant characteristics (110). However, those advised to reduce intakes of 
saturated fat and extrinsic sugars significantly reduced intakes of both these nutrients but only 
parents, as opposed to their children, experienced significant reductions in BMI compared to 
those who received no advice (110). 
Non-nutritive artificial sweeteners could also help to replace dietary sugars by maintaining 
palatability of F&B (111). There have been concerns that sweeteners may enhance 
preferences for very sweet foods (90) and as these tend to be energy dense, subsequently 
increase EI and promote weight gain. However, data from a randomised controlled trial 
conducted by Miller et al (112) showed that using sweeteners resulted in a modest reduction 
in body weight. The safety of sweeteners has also been questioned however there is no current 
evidence to encourage or discourage their use (113). Eight sweeteners have been approved for 




not consume sweeteners in amounts that present appreciable safety risk (114). Thus, artificial 
sweeteners in moderate amounts, may act as a useful replacement for dietary sugars. 
2.9 Summary and conclusion 
Reducing intakes of dietary sugars is a public health priority, with many authoritative bodies 
and countries recommending moderation of added or free sugars. It is the excessive 
consumption of free sugars which has been associated with weight gain and dental caries and 
is the evidence base supporting the WHO conditional recommendation that intakes of free 
sugars should not exceed 5%TE. Numerous studies have investigated the influences behind 
consumption of dietary sugars, particularly added or free sugars, and have recommended that 
these be targeted in dietary interventions. However, few studies have looked at the application 
of these interventions and their success. Thus, determining the feasibility of following 
recommendations, such as that developed by the WHO, is unknown. Specifically, it is 
unknown whether healthy NZ adults are able to adhere to this recommendation within the 
current food environment and it is unclear whether a reduction in free sugars intake is related 




3 Objective Statement 
The literature review illustrates that there are two major gaps in the present research on the 
feasibility of diets low in free sugars, thus providing rationale for the current research project. 
Currently, there is no literature which has assessed the feasibility of following a diet 
compliant with the WHO recommendations for free sugars in NZ, especially that advising less 
than 5% TE from free sugars. Specifically, the barriers and facilitators which exist to 
following a diet low in free sugars have been underexplored within the literature alongside the 
efficacy of dietary support aids such as nutrition counselling and written resources. 
Furthermore, it is unclear whether a reduction in free sugars has an effect on the intakes of 
other nutrients, especially those nutrients closely associated with cardiovascular risk. Thus, it 
is pertinent to assess whether the WHO recommendation can realistically be adhered to and 
that following this recommendation will only be of benefit to health, especially cardiovascular 
health. The overall aim of this research project is thus to assess the feasibility of diets low in 
free sugars in healthy New Zealand adults. The three objectives of this research project are: 
1. To investigate adherence to a diet that meets the WHO recommendation for free 
sugars over four weeks 
2. To identify the barriers and facilitators to adherence to a diet low in free sugars 
3. To explore whether a diet low in free sugars is related to changes in the intakes of 
other nutrients which may influence cardiovascular risk 
The results from this research project will help to provide exploratory insight into the ability 
to follow the WHO recommendation for free sugars and factors which should be considered 
when developing individual- and population-based strategies targeted at reducing intakes of 




4 Participants and Methods 
4.1 Study design 
This was a mixed-methods exploratory study involving both qualitative and quantitative 
research techniques (115, 116).  
This study was approved by the University of Otago Human Ethics Committee as a category 
B application (reference D16/257, Appendix A). Maori consultation with the Ngai Tahu 
Research Consultation Committee was also completed (Appendix B) as well as registration 
with the Australian New Zealand Clinical Trials Registry (reference 
ACTRN12616001193460) (Appendix C).  
4.2 Participant recruitment and screening 
Fifteen healthy volunteers aged 18-65 years were recruited via posters (Appendix D) in 
Dunedin using convenience and criterion sampling approaches (117, 118). Posters were 
distributed throughout the University of Otago and those interested in participating made 
contact with the researcher. Eligible participants were healthy adults aged 18-65 years who 
were living in Dunedin for the entirety of the study. Potential participants were excluded if 
they reported that they were already restricting their dietary sugars intake or if the screening 
food frequency questionnaire (FFQ) (discussed further in Section 4.3.2) estimated that their 
free sugars intake was below 5% of an adult’s average daily total EI.  
Interested volunteers were sent an information sheet about the study (Appendix E) and a link 
to an online electronic semi-quantitative free sugars FFQ to estimate baseline intakes of free 
sugars for study eligibility (Appendix F). Participants provided written informed consent via a 





An outline of the six-week study intervention is shown below (Figure 1). 
At baseline, participants attended an initial session (clinic one) at the University of Otago 
Human Nutrition Clinic where body weight and height were measured and instructions given 
regarding collection of a 3-day weighed diet record (3DDR).  
Once completed, participants returned for a second clinic (clinic two) where they received 
nutrition education and resources from the researcher on how to follow a low free sugars diet. 
Participants also participated in a brief semi-structured interview which explored their 
rationale for joining the study, perceived issues of following a low free sugars diet, and 
perceived sources of free sugars in their diet. Participants then commenced a low free sugars 
diet for four weeks, and attended weekly clinic sessions with the researcher for progress 
review and support (clinics three, four and five). 
At the final clinic (clinic six), participants were asked to collect dietary intake data via a 
second 3DDR and had their body weight re-measured. They also attended a semi-structured 
interview to discuss barriers and facilitators to following a low free sugars diet, how effective 
they found the dietary resources, and whether a low free sugars diet prompted them to make 
other dietary changes.  
Participants received a $20 supermarket voucher for each completed 3DDR ($40 total) as a 
recompense for the time they invested to complete these. They were also provided a 






Figure 1 Outline of study intervention 
Design dietary resources targeted at reducing free sugars as part of 
nutrition intervention  
Design electronic free sugars semi-quantitative food frequency 
questionnaire for screening (non-validated) 
Participant Screening: 
Food frequency questionnaire completed and participant consent 
gained 
Clinic One (15 minutes): 
Participant body weight and height measured 
Instructions and equipment for 3-day weighed diet record provided 
Participant completes baseline 3-day weighed diet record 
Clinic Two (45 minutes): 
Baseline 3-day weighed diet record returned to clinic 
Baseline semi-structured interview conducted 
Nutrition education and participant booklet provided 
Participant commences low free sugars diet 
Clinic Three (30 minutes): 
Dietary analysis of baseline 3-day weighed diet record provided 
Weekly progress review and goal setting 
Participant continues low free sugars diet 
Clinic Four (30 minutes): 
Weekly progress review and goal setting 
Participant continues low free sugars diet 
Clinic Five (30 minutes): 
Weekly progress review and goal setting 
Participant completes follow-up 3-day weighed diet record 
Participant continues low free sugars diet 
Clinic Six (30 minutes): 
3-day weighed diet record returned to clinic and food frequency 
questionnaire completed 
Participant body weight re-measured 
End of study semi-structured interview conducted 




4.3.1 Anthropometric measures 
A calibrated digital scale was used to measure participant body weight (Tanita Body 
Composition Analyser Model TIBC-148, Wedderburn

, Auckland, New Zealand). 
Participants were weighed in light clothing without shoes on and recommendations on 
positioning for weight measurements were followed (119). Body weight was recorded to the 
nearest 0.1kg. A calibrated stadiometer was used to measure participant height (Seca 222 
Mechanical Telescope Measuring Rod with Large Measuring Range, Seca

, Hamburg, 
Germany). Height was measured directly after body weight (each participant remained in light 
clothing without shoes on) and recommendations on positioning for height measurements 
were followed (119). Height was recorded to the nearest 1mm. Body weight and height 
measurements were used to calculate participants’ BMI in kg/m
2
. Body weight was measured 
at baseline (clinic one) and at the end of the study (clinic six). Height was measured at 
baseline (clinic one) only. 
4.3.2 Dietary intake data collection 
The electronic free sugars semi-quantitative FFQ was developed by modifying and 
amalgamating two different semi-quantitative FFQs (120, 121) and converting this into a 41-
item electronic version using an online survey tool (REDCap version 6.16.5, Department of 
Biomedical Informatics Vanderbilt University, Nashville, Tennessee, United States of 
America) which included images and information on portion sizes. Pre-testing of the FFQ was 
conducted with three individuals who did not have a nutrition background, prior to 
administration to the potential participants. The aim of this was to test the ease of use of the 
FFQ with the feedback used to further refine it. Although the FFQ was not validated for the 
study population it was used as a quick screening tool to estimate whether volunteers 
exceeded the WHO recommendation that free sugars in the diet should not exceed 5%TE. An 




an Atwater factor of 16kJ/g (123) equates to approximately 27g of free sugars (if assuming 
one metric teaspoon of sugar is approximately 5g). The FFQ asked the volunteers how often 
they consumed certain F&B high in dietary sugars over the last month and the amount 
consumed. The free sugars content of these FFQ items were obtained from NZ FOODfiles 
2010 (which were modified to include estimates of free sugars content for each F&B) (1) and 
analysed with a dietary assessment software program (Kai-culator version 1.14i, Department 
of Human Nutrition University of Otago, Dunedin, Otago, New Zealand). Intake data from 24 
hour recalls conducted as part of the ANS 08/09 were used to estimate consumption 
frequency for the aggregated items in the FFQ. By including information on portion sizes, 
with the support of photographs, this enabled production of semi-quantitative food frequency 
data. Using Microsoft Excel 2010

, the portion size of each food or beverage consumed per 
day was multiplied by its free sugars content and results were collated to obtain estimates of 
each potential participant’s daily free sugars intake. The electronic FFQ was also used to 
obtain self-reported demographic information including gender, date of birth, ethnicity and 
education level. Potential participants who had an estimated intake of free sugars above 5% of 
an adult’s average total daily EI were invited to proceed with the study. 
Participants were provided with equipment and instructions (verbal and written) for 
completing a 3DDR on three non-consecutive days, including one non-working (or weekend) 
day. Equipment included electronic scales accurate to within ±1g (Salter Vista Electronic 
Kitchen Scale, Salter Housewares Ltd., Kent, England, United Kingdom), a University of 
Otago Department of Human Nutrition 3-Day Diet Record Booklet

 (with supporting 
reminders and recipe tables) (Appendix H) and University of Otago Department of Human 
Nutrition Diet Assessment Photos

 (Appendix I). Participants were asked to weigh and record 
all F&B including all discretionary additions of sugar, spreads, sauces, syrups and dressings. 




and to bring along packages of foods or beverages if they felt like it would help to support 
their diet record (e.g. sauces used in Asian meals only found in specialty Asian food stores). 
Diet records were reviewed with each participant in the clinic and/or through follow-up 
emails to ensure that these had been completed with sufficient detail (e.g. weights for each 
food or beverage item was recorded). 
Diet records were entered into Kai-culator and where an exact food or beverage match was 
not possible, the closest comparable item according to free sugars and energy content was 
used. Where there was uncertainty between different items, the one with the lower free sugars 
content was selected in order to keep any under-reporting of free sugars intake systematic 
across the data set. Once all diet records were entered, the researcher re-reviewed these by 
comparing the data inputted into Kai-culator with the hardcopy diet records to check for 
errors. Estimated intakes of total energy, sodium, potassium, free sugars, total fat, 
monounsaturated fat, polyunsaturated fat and saturated fat were calculated for each participant 
due to their association with cardiovascular risk (124). Intakes of thiamin, riboflavin, niacin, 
folate, calcium, iron, zinc and vitamins A, B6 and B12 were also estimated due to their 
association with core or healthy foods (27). Intakes of fibre, starch, protein and total 
carbohydrates were also estimated. 
Diet records were assessed for plausible intakes by estimating under-reporting of usual EI 
(125). The method employed by Gemming et al (126) to estimate low energy reporting in the 
ANS 08/09 was adopted for the research project. In summary, prediction equations developed 
by Swinburn et al (127) were used to calculate fat mass (in kg) from BMI which was then 
subtracted from body weight to calculate fat free mass (in kg). Estimated resting metabolic 
rate (RMRest) was calculated by using an equation from Bogardus et al (128) and EI:RMRest 




plausibility of the reported EI (129). The cut-off limit of <1.06 was used to classify 
individuals as low energy reporters (129). Suspected low energy reporters are identified in 
Section 5, Table 5.2. 
4.3.3 Low free sugars nutrition intervention and weekly clinic sessions 
Nutrition education sessions with the researcher included discussion on the health issues 
associated with excessive intakes of free sugars and the WHO recommendations for free 
sugars; training on how to read and interpret NIPs with recommendations to use the 
FoodSwitch

 app; identification of foods high and low in free sugars and food exchanges 
which could be made; tips for when eating out; recommendations to use artificial sweeteners 
and artificially sweetened products if desired; and provision of meal and snack ideas low in 
free sugars. Participants received an accompanying booklet (Appendix J) and label reading 
wallet card (Appendix K) created by the researcher. More information on artificial sweeteners 
was also provided to interested participants and a more detailed snack list was created to 
further help those struggling with snack ideas (Appendix L). Pre-testing of the participant 
booklet and label reading wallet card was conducted with twelve individuals prior to 
commencement of the study, seven of whom had a nutrition background. This was to test the 
clarity and comprehensiveness of the resources with the feedback used to further refine them. 
The booklet was then compared with a checklist tool designed to screen nutrition education 
handouts (130) and further alterations were made to produce a final copy.  
Weekly clinics were primarily conducted face-to-face with one clinic conducted via telephone 
with a participant who was unable to attend in person. Email reminders were sent out weekly 
to notify participants of their upcoming clinic appointment and what to bring. At each clinic, 
the researcher reviewed participant progress by discussing achievements and challenges, and 




a template created by the researcher (Appendix M) which incorporated the theory of planned 
behaviour (131), the transtheoretical model (132), mindful eating (133) and motivational 
interviewing techniques (134). Diet histories were also guided by a template (Appendix N) 
and participants were encouraged to set weekly goals (Appendix O). Participants were also 
provided with a personalised report of their baseline intakes of free sugars in clinic three. This 
was stratified across different days and different food groups to inform further participant-led 
discussion on practical approaches to reduce consumption of free sugars (Appendix P for 
example report). To motivate participants, support behaviour change and ensure client-
centered care, participants were encouraged to identify their own solutions to reduce their 
intakes of free sugars, based on the nutrition information received. To monitor participants’ 
weekly progress the researcher noted self-reported achievements, challenges, goals and 
important discussion points at each clinic in the form of brief, electronic notes. Participants 
were encouraged to contact the researcher outside clinic sessions via email if they had any 
pressing questions or comments around free sugars. In responding to these emails, the 
researcher would email the whole group (if appropriate) so all participants had the opportunity 
to receive extra nutrition information which may be of benefit. 
4.3.4 Baseline and follow-up semi-structured interviews 
A semi-structured interview was conducted with each participant prior to the dietary 
intervention (clinic two) and at the end of the intervention (clinic six) to capture perceived and 
actual experiences of following a diet low in free sugars. Analysis of the data from these 
interviews was then conducted to produce a framework identifying the facilitators and barriers 
to reducing free sugars intakes. The interview technique was semi-structured containing a set 
of three core open ended questions at clinic two and eighteen at follow-up which are 




The first interview aimed to gauge participants’ personal rationale for joining the study, 
perceived issues of following a low free sugars diet, and perceived sources of free sugars in 
their diet. The follow-up interview explored issues encountered when reducing free sugars 
intake and what each participant realised were their main sources of free sugars. Additionally, 
participants’ perspective on the feasibility of following a low free sugars diet, namely the ease 
of changing eating habits and the barriers and facilitators experienced was explored. 
Participants were also asked to evaluate the effectiveness of the dietary resources and 
nutrition support provided and whether a low free sugars diet meant they made other dietary 
changes. Due to the nature of semi-structured interviews, questions were not necessarily 
asked in the same order or asked verbatim but were used flexibly to ensure fluidity throughout 
the interviews allowing the participants to talk freely about a topic and the researcher to 
diverge in order to pursue a response in greater detail (135). Upon verbal consent, the 
interview was audio taped using a voice recorder (Endeavour Voice Recorder Model 
EN625

). During the interviews, the researcher took brief, electronic notes of the common 
themes reported by participants and any unique experiences. At the end, participants were 
asked if they wished to make any additional comments or ask any questions. On average, 
interviews lasted 25 minutes. 
The interviews were then transcribed verbatim into Microsoft Office Word 2010

 which 
produced 132 pages of detailed field notes for analysis. All transcripts were re-reviewed 
against audio recordings to ensure accuracy. Thematic template analysis was used to code and 
analyse the interview data (136, 137). To ensure a systematic approach, the researcher 
followed a step-by-step guide to thematic template analysis by Brooks et al (137). This 
approach comprised six steps of analysis: (i) all transcripts were thoroughly read and re-read; 
(ii) interesting or meaningful text was highlighted and assigned a ‘code’ with all transcripts 




of codes were assigned to a theme and if necessary, assigned to sub-themes as well; (iv) an 
initial coding template based on five interviews was created; (v) the remaining transcripts 
were examined and where data of relevance to the study was identified, it was considered 
whether this was represented by any of the themes on the template. If not, ideas for revision 
were noted and the template was revised after examining every second or third transcript 
rather than after every single transcript. New themes were created and existing themes re-
defined or deleted if they seemed irrelevant; (vi) the template was finalised then applied to the 
entire data set. Upon joint review with the researcher’s supervisors a final list of eight main 
themes were agreed upon. Key quotes from the semi-structured interviews have been included 
in Section 5.4 to demonstrate these themes. 
Table 4.1 Semi-structured interview questions 
Baseline:  
Rationale for joining the study, perceived difficulties in reducing free sugars intake  and perceived main sources 
of free sugars 
What specifically encouraged you to participate in this study? 
What do you think will be most difficult when you try to reduce your free sugars intake? 
What do you think are the main sources of free sugars in your diet? 
Follow-up: 
Repeat of baseline questions 
What were the issues you encountered when reducing your free sugars intake? 
What did you realise are the main sources of free sugars in your diet? What sources did you find surprising? 
What have been the benefits for you in reducing your free sugars intake? 
Why were free sugars a problem for you to begin with? 
Ease and difficulty of low free sugars diet 
How did you find trying to consume a low free sugars diet? 
What aspects were particularly easy? Why? 
What aspects were particularly hard? Why? 
Dietary changes 
Did you make any other changes to your food choices (were there any other foods you ate less/more of)?  
How did it change the amount of unprocessed/minimally processed foods you ate (e.g. fruits, vegetables)? 
How did it change the amount of processed foods you ate (e.g. chips, pies)? 
How did the dietary changes you have made over the last four weeks fit in with your lifestyle? 
Do you think you spent less or more money on purchasing food? Why? 
Resources used 
What, if any, of the resources I provided did you use? 
Which resources did you find particularly helpful? Why? 
Which resources did you find unhelpful? Why? 





Do you think you will maintain any of the changes you have made over the past four weeks? 
If so, which ones? If not, what further resources/advice/support do you think would help you to maintain these 
changes? 
Experiences of measuring free sugars intake 
How did you find doing the food frequency questionnaire? Do you think the options for frequency and serving 
size of the foods and drinks were appropriate? 
How did you find collecting the 3-day weighed diet record?  Did it change what you ate? 
Would you volunteer for studies assessing free sugars intake again? Why/why not? 
4.4 Statistical analysis 
Statistical analysis of the dietary intake data was conducted using STATA 14.2 statistical 
software (Stata Statistical Software: Release 14, StataCorp LP, College Station, Texas, United 
States of America). The significance of changes in intakes of free sugars and other nutrients 
between baseline and follow-up were determined through paired t-tests to evaluate 
compliance to the low free sugars diet. However, as the research project was exploratory in 
nature and the main focus was on understanding participants’ experiences of following a low 
free sugars diet, only a simple analysis of the dietary data was undertaken. Moreover, caution 
has been exerted in interpreting results as this research project was not designed or powered to 
test statistically significant differences or associations. Thus, participant codes were used to 
present individual nutrient intakes and pseudonyms were used to present individual 
characteristics and interview quotes as associations between participant dietary intakes and 








5.1 Participant demographics 
Fifteen participants completed the screening FFQ, a 3DDR and semi-structured interview at 
baseline. One participant could not be contacted for the final clinic session (clinic six) so a 
follow-up weight, 3DDR and semi-structured interview could not be obtained so they were 
excluded from the data set. Baseline and follow-up data are presented for the fourteen 
participants who completed the study. Baseline participant demographic characteristics are 
described in Table 5.1. Mean participant age was 20.4 years (range 19-26 years) and twelve 
participants were female. Nine participants identified being of New Zealand European 
ethnicity and all participants were university students studying undergraduate degrees at the 
University of Otago. Based on the screening FFQ, mean free sugars intake was estimated to 








Table 5.1 Baseline participant demographic characteristics 
Participant characteristic n (%) or mean (SD) 
Age (years), mean (SD) 20.4 (1.8) 
Gender [n (%)]  
Female 12 (85.7) 
Male 2 (14.3) 




Māori  1 (7.1) 
Other
c
 4 (28.6) 
Education level [n (%)]  
Secondary school qualification 13 (92.9) 
Bachelors degree 1 (7.1) 
Height (cm), mean (SD) 165.7 (10.3) 
Weight (kg), mean (SD) 68.9 (12.3) 
Body mass index (kg/m
2





mean (SD) 132 (76) 
a 
One participant identified as being both New Zealand European and Dutch 
b 
One participant identified as being both New Zealand European and Filipino 
c 
Chinese, Thai, Vietnamese and Dutch 
d 






5.2 Intake of free sugars and other nutrients 
Baseline and follow-up 3DDR analysis of free sugars, energy intakes and the proportion of 
free sugars comprising energy intakes are contained in Table 5.2. One participant at baseline 
and six participants at follow-up appeared to have under-reported EI based on the method 
adopted by Gemming et al (discussed in detail in Section 4.3.2) (126). Based on the 3DDR, 
one participant (P05) was already meeting the WHO free sugars recommendation of less than 
5%TE at baseline, despite this not being identified in the screening FFQ. This participant was 
not excluded because inclusion criteria was based on free sugars intakes estimated from the 
FFQ which is a measure of usual intake. Intakes based on the 3DDR suggests that this 
participant consumed less free sugars on these three days so it was assumed that usual free 
sugars intakes would be higher. For the study group, mean %TE from free sugars reduced 
from 14.1% at baseline to 3.0% at follow-up. At follow-up, thirteen participants had reduced 
their free sugars intake to less than 5%TE. Only one participant (P09) did not meet this 
recommendation at follow-up, consuming an estimated 9.8%TE from free sugars which was 
higher than their reported baseline intake (7.3%TE).  
Changes in the intakes of other macronutrients and micronutrients are shown in Table 5.3. 
Changes in the intakes of these nutrients for each participant are attached in Appendix Q. 
From baseline to follow-up, intakes of total carbohydrate decreased from 282g to 222g (P = 
0.0082) and intakes of saturated fat decreased from 27.5g to 20.8g (P = 0.0204). There were 
no changes in the intakes of other nutrients. 
 






Table 5.2 Free sugars intakes, energy intakes and proportion of total energy intake from free sugars based on 3-day weighed diet record (individual and mean and SD or 
95% CI) 
 Free sugars (g/day) Energy intake (kJ/day) Proportion of total energy intake from 







 B/L F/U Diff B/L F/U Diff 
P01 96.8 27.8 -69.0 9950 8959 -991 15.6 5.0 -10.6 
P02 101.7 1.1 -100.6 8708 9583 875 18.7 0.2 -18.5 
P03 86.6 11.6 -75.0 10378 9294 -1084 13.4 2.0 -11.4 
P04 93.8 3.2
d
 -90.6 11085 6096 -4989 13.5 0.8 -12.7 
P05 18.1 14.1 -4.0 10161 9008 -1153 2.9 2.5 -0.3 
P06 92.5 17.3 -75.2 9227 8474 -753 16.0 3.3 -12.8 
P07 84.1 6.4
d
 -77.7 10029 6656 -3373 13.4 1.5 -11.9 
P08 109.1 9.1
d





 0.8 5261 4036 -1225 7.3 9.8 2.5 
P10 36.7 16.3
d
 -20.4 6729 5495 -1234 8.7 4.7 -4.0 
P11 95.3 13.7 -81.6 9766 11284 1518 15.6 1.9 -13.7 
P12 82.5 7.6
d
 -74.9 7234 5690 -1544 18.2 2.1 -16.1 
P13 45.2 15.3 -29.9 7718 8162 444 9.4 3.0 -6.4 
P14 125.5 9.4 -116.1 9895 8876 -1019 20.3 1.7 -18.6 
Mean (SD) or (95% CI) 78.0 (33.2) 12.7 (7.5) -65.3
e 
(-86.7,-43.9) 8801 (1713) 7637 (2077) -1164
f 








Difference (follow-up mean – baseline mean) 
d 
Suspected low energy reporting, according to Gemming et al (126) 
e 
P < 0.0001 (paired t test) 
f 
P < 0.05 (paired t test) 
  






Table 5.3 Intakes of other nutrient based on 3-day weighed diet record (mean and SD or 95% CI) 
Nutrient Baseline Mean (SD) (n = 14) Follow-Up Mean (SD) (n = 14) Mean Difference
a
 (95% CI) (n = 14) p value (paired t test) 
Total carbohydrate (g/day) 281.9 (70.1) 222.4 (68.4) -59.5 (-100.8,-18.2) 0.0082 
Starch (g/day) 155.8 (54.0) 152.6 (50.0) -3.2 (-33.3,27.0) 0.8248 
Protein (g/day) 79.4 (26.6) 86.7 (29.6) 7.3 (-4.2,18.9) 0.1929 
Total fat (g/day) 74.7 (24.6) 65.3 (22.2) -9.4 (-27.1,8.4) 0.2750 
Saturated fat (g/day) 27.5 (10.0) 20.8 (6.9) -6.7 (-12.2,-1.2) 0.0204 
Mono-unsaturated fat (g/day) 26.7 (11.1) 25.2 (10.8) -1.5 (-10.6,7.6) 0.7273 
Poly-unsaturated fat (g/day) 12.9 (4.9) 12.5 (5.7) -0.4 (-5.4,4.6) 0.8577 
Fibre (g/day) 27.6 (8.7) 29.9 (10.0) 2.3 (-3.3,8.0) 0.3904 
Potassium (mg/day) 3075.4 (1097.0) 2994.3 (1183.5) -81.2 (-748.8,586.5) 0.7970 
Sodium (mg/day) 2659.7 (986.6) 2897.2 (1330.3) 237.4 (-357.7,832.5) 0.4043 
Thiamin (mg/day) 1.3 (0.3) 1.6 (0.9) 0.3 (-0.2,0.8) 0.2216 
Riboflavin (mg/day) 1.7 (0.5) 1.7 (0.7) 0.0 (-0.2,0.3) 0.7792 
Niacin (mg/day) 34.2 (10.4) 37.9 (14.0) 3.7 (-2.1,9.6) 0.1876 
Folate (g/day) 376.8 (227.8) 414.9 (244.3) 38.1 (-149.2,225.4) 0.6676 
Calcium (mg/day) 884.0 (327.0) 795.8 (298.1) -88.2 (-287.7,111.3) 0.3569 
Iron (mg/day) 14.3 (7.2) 14.3 (6.5) 0.0 (-4.8,4.7) 0.9975 
Zinc (mg/day) 9.3 (2.8) 9.7 (3.7) 0.3 (-1.1,1.7) 0.6495 
Vitamin A (g/day) 834.1 (880.3) 867.3 (299.3) 33.1 (-409.9,476.1) 0.8741 
Vitamin B6 (mg/day) 2.2 (1.1) 2.1 (0.7) -0.2 (-0.8,0.5) 0.5693 
Vitamin B12 (g/day) 9.3 (23.8) 7.5 (19.1) -1.8 (-19.6,16.1) 0.8335 
a
 Follow-up mean – baseline mean 
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5.3 Body weight 
At follow-up, mean body weight had decreased by 1.0kg to 67.9kg (P = 0.0141) and mean 




 (P = 0.0217). Changes in body weight and 
body mass index for each participant are attached in Appendix R. 
5.4 Semi-structured interviews: factors influencing adherence to a low free sugars diet 
Demographic characteristics of each individual participant who completed a baseline and 
follow-up semi-structured interview are described in Table 5.4.  
Table 5.4 Individual participant demographic characteristics 
Pseudonym
a
 Gender Age (years) Ethnicity Current occupation 
Daisy Female 20 New Zealand European/Dutch Tertiary Student 
Sara Female 21 New Zealand European Tertiary Student 
Grace Female 21 New Zealand European Tertiary Student 
Elsie Female 21 New Zealand European Tertiary Student 
Joe Male 20 New Zealand European Tertiary Student 
Lola Female 26 New Zealand European Tertiary Student  
Jessica Female 19 Māori Tertiary Student 
Nina Female 19 Chinese Tertiary Student 
Skye Female 20 Thai Tertiary Student 
Alisha Female 20 New Zealand European/Filipino Tertiary Student 
Georgina Female 20 Dutch Tertiary Student 
Julia Female 19 New Zealand European Tertiary Student 
Pearl Female 19 Vietnamese Tertiary Student 
Aaden Male 20 New Zealand European Tertiary Student 
a 
Pseudonyms have been used to anonymise participants and ensure participant confidentiality 
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Eight themes were identified from thematic template analysis of interview transcripts; 
Changing mentality around sugar consumption; Love for sugar – cravings, addiction, and a 
sweet tooth; Going low sugar; Sugar in social situations; Becoming sugar aware; A shift in 
eating norms; The challenge of the current food environment; The usefulness and awareness 
raising potential of the study and its supports. Quotes are used to capture the essence of the 
sub-themes and overall theme and it is indicated whether these are extracted from baseline 
interviews (B/L) or follow-up interviews (F/U). The final template outlining the eight themes 
and twenty seven sub-themes are outlined in Table 5.5. 
Table 5.5 Themes and sub-themes derived from semi-structured interviews 
1. Changing mentality around sugar consumption 
1.1. The difficulty of self-control 
1.2. Greater awareness of free sugars 
1.3. Reducing intakes of free sugars promotes a holistic approach to eating 
2. Love for sugar – cravings, addiction, and a sweet tooth 
2.1. Stress drives consumption of sugars 
2.2. Sugar’s role as a reward 
2.3. Sugar as an energy booster 
2.4. Consumption of sugars as a habitual behaviour 
3. Going low sugar 
3.1. Managing the cravings, addiction and sweet tooth 
3.2. Aid to weight management 
3.3. Enhanced well-being 
4. Sugar in social situations 
4.1. Social support of peers to reduce free sugars vs social pressure by peers to consume free sugars 
4.2. The difficulty associated with eating away from home 
5. Becoming sugar aware 
5.1. The main culprits responsible for intakes of free sugars 
5.2. The shocking sources of free sugars 
6. A shift in eating norms 
6.1. The monitoring methods which aid adherence to recommendations 
6.2. Cooking from scratch helps to decrease the free sugars content of meals 
6.3. Planning and preparing in advance reduces the likelihood of consuming convenience foods 
high in free sugars 
6.4. The need to change purchasing practices 
6.5. The alternatives to free sugars – exchanges and omissions made and the use of artificial 
sweeteners or artificially sweetened products 
7. The challenge of the current food environment 
7.1. The inadequacy of nutrition labels 
7.2. The availability and accessibility of ‘healthy’ vs ‘unhealthy’ foods and beverages 
7.3. Food expenses associated with following a low free sugars diet 
8. The usefulness and awareness raising potential of the study and its supports 
8.1. The efficacy of label reading and its supports – the FoodSwitch app and wallet card 
8.2. The support and accountability of weekly clinics 
8.3. The influence of being involved in research 
8.4. Participant booklet as a guideline and reference 
8.5. The extra support of dietary assessment methods – the questionnaire and diet record 
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5.4.1 Changing mentality around sugar consumption 
Participants commonly reported that they ate excessive amounts of sugary F&B because they 
lacked the self-control necessary to restrain themselves from over-indulging. The main 
concern of participants was their perceived inability to moderate these intakes as once they 
got a taste for something sugary, it was hard to cease consumption: 
“I definitely over-indulged with sugar, and treating myself, and especially 
portion sizes, I felt like I had massive portions when I had the opportunity 
and, yeah, obviously I know that’s not good for me but I found it quite 
difficult, I guess, to stop that from happening” (Alisha - F/U).  
Participants often felt guilty when they overconsumed sugary F&B as they were aware of 
some of the associated health consequences. Most commonly, this was the belief that 
excessive sugars consumption was a cause of type 2 diabetes. For one participant, reducing 
their free sugars intake appeared to make them less tolerant of over-consuming sugary F&B 
as they described feeling ill if they ate too much. They believed this feeling would lead to 
better self-control in terms of sugary F&B in the future. Perseverance, avoiding temptation, 
and giving up or restricting certain sugary F&B were common struggles shared by all 
participants. This was difficult as for some, consumption of sugary F&B was a heavily 
ingrained habit and purchases were automatic in nature. However, a few participants 
identified that their dependence on sugary F&B was unnecessary: 
“When I’m not allowed to have sugar anymore I feel unhappy but then I 
was like, oh wait, do I necessarily need this or am I being dependent on it, 
yeah, so I think a change in healthy, ah the change in diet might be having, 
like, a positive result” (Pearl – F/U). 
After attempting to follow a low free sugars diet for four weeks, some participants still 
recognised that they would be vulnerable to overconsuming certain sugary F&B in the future 
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but would manage this by avoidance of purchasing or purchasing a smaller portion size. One 
participant at baseline even stated that they were already implementing this self-control 
strategy. Participants also believed they would be better able to keep certain sugary F&B as 
occasional treats and for situations that warranted this treat (e.g. birthdays or finishing an 
exam) rather than consuming it on a regular basis: 
“I don’t treat food as much, like, or have treat foods as much anymore. It 
would  be like, oh I went to uni today I’ll have a treat pretty much, like, um, 
all the time but, yeah, now it’s more of an exclusive reward, you have to 
earn it, like, really earn it” (Daisy – F/U). 
Participation in the study raised awareness amongst participants of their usual free sugars 
intake and how this compared with the WHO recommendation. Prior to the study, participants 
typically consumed sugary F&B automatically without considering whether they could make 
healthier choices. They believed greater awareness would help them to be more cautious and 
self-controlled as now they would know whether an F&B they were consuming was high in 
sugars (and whether this is likely to be free sugars based on the ingredients list) which would 
make them less inclined to buy it: 
“I’m more cautious I guess…..we[flatmate] both got, like, a bar of 
chocolate or something and I was, like, actually I don’t know why I bought 
this I don’t want it so I’m, like, kind of well what do I actually want kind of 
thing, where is this switch?” (Grace – F/U). 
Despite the attention sugar has received in the media, some participants discussed a need for 
there to be raised awareness of the WHO free sugars recommendation and the health 
consequences of a diet high in free sugars: 
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“I don’t really think, like, 25g [of free sugars] is, like, doable for most 
people…..especially when they don’t, like, know anything about it, say they 
don’t know, like, the guidelines or anything” (Joe – F/U). 
Participants recognised that although reducing consumption of free sugars helped to improve 
diet quality, this was only one step to having an overall healthy eating pattern. Thus, some 
took a total diet approach to reducing their free sugars intake by making changes elsewhere to 
target reductions of risk nutrients such as sodium or fat: 
“Probably the other thing is trying to not replace the sugar things with 
things worse than the sugar is the other thing that I’ve been trying to do 
because, just because you’re not having sugar doesn’t mean you’re not 
unhealthy” (Julia – F/U). 
For some, focusing on other risk nutrients was a goal they wanted to work on beyond the 
study period. Following this diet also appeared to help motivate others to consider or make 
other non-nutrition related lifestyle changes such as increased physical activity. 
5.4.2 Love for sugar – cravings, addiction and a sweet tooth 
All participants talked about their desire for sweetness whether this was in terms of cravings, 
an addiction, a sweet tooth or just general love for sugar. A common trigger for this sweetness 
desire was in response to life stresses, such as university course assessments and 
examinations. One participant explained that prior to the study she would try to employ 
stress-management techniques such as efficient time management and relaxation in order to 
prevent downstream consumption of sugary F&B:  
“It was very hard when I was stressed. Yeah, like, it was fine sometimes 
because, you know, when there’s less of a workload you’re kinda just, like, 
okay it’s fine…..I think it's partially comfort based and partially because I 
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feel like I want to reward myself for studying or completing whatever task I 
have finished” (Sara – F/U). 
Sugary F&B were also often used as a reward by participants for completing a challenging 
task. Consumption of sugary snacks such as lollies, chocolate and biscuits whilst studying 
tended to be a common eating practice and a main source of free sugars for these participants: 
“It’s a really good, like, incentive, like, um, if I wanna, like, right now I’m 
writing the research proposal, like, and I’m, like, have, like, a pack of, like, 
gummies [lollies]” (Nina – B/L). 
Sugary F&B were often consumed when participants felt fatigued to provide a much-needed 
energy boost. Sugary F&B were also consumed for an instant source of energy post-exercise 
and it was perceived that consuming sugars would provide energy to enhance exercise 
performance. Conversely, a few participants perceived that over-indulging in sugary F&B 
made them feel lethargic: 
“When you eat a chocolate bar, when you eat lollies, I mean I’ve only 
discovered this now from going off sugar, but you get that immediate hit of 
energy, like, that something to kind of push you over but then you’ll also get 
the low associated with it, but it’s mainly everything that has sugar in it is 
the quick fix” (Grace – F/U). 
For some, this sweetness desire stemmed from long-held habits such as having dessert after 
dinner. Two participants referred to the University Halls of Residence they attended in the 
past where dessert was on offer every night and so they fell into a habit of eating sweet 
desserts even though this had not been a regular eating practice in their family homes: 
“At Unicol, you have, was able the option of having dessert after dinner 
every night, um, yeah, and it’s just something ingrained, like, I feel, like, a 
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lot of people do it’s just something, after something savoury you want 
something sweet” (Julia – F/U). 
5.4.3 Going low sugar 
Participants frequently reported struggling with cravings, addiction, a sweet tooth or a general 
love for sugars at the beginning of the study but found that this diminished as the study 
progressed, and it was much easier to follow a low free sugars diet by the end of the study: 
“Getting rid of the cravings at the start, sugar cravings, um, I mean I cut it 
out of coffee and tea pretty easily but like baking or just being used to 
grabbing lollies whenever I feel like it was not really an option anymore so, 
yeah, um, but that kinda waned second week or so, yeah, and then I didn’t 
want sugar as much so it was good” (Georgina – F/U). 
Some participants were attracted to participate in this study because they believed reducing 
free sugars would help them lose weight. Three out of the five participants who wanted to lose 
weight experienced some form of weight loss during the study which they reported as being a 
good incentive to continue following a low free sugars diet outside the study period:  
“A little bit of weight loss a little bit happier, a sense of um, um, you know, 
thin person…..when you lose weight you feel a little bit happier and you feel 
happier when you eat healthy food as well…..I might keep going to do it 
because I found the positive effect it had” (Pearl – F/U). 
Weight loss was not always achieved by cutting out sugary F&B. One participant felt like 
they lost weight mid-way through the study but then began compensating for the free sugars 
reduction by increasing overall food intake. Another participant experienced weight gain, 
however, they reported struggling with adherence due to overwhelming study pressures. 
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Participants who previously reported that they used sugar as an energy boost found that in 
reducing their free sugars intake, their energy levels increased which for some meant they did 
not suffer mid-afternoon lethargy or were able to get up easier. Most participants reported 
generally “feeling better” and for some this meant feeling better mentally due to the belief 
that they would be improving their health. Participants who said they previously ate sugary 
treats when they felt unhappy, realised that they did not need to depend on sugar for a happy 
feeling. For a few participants, the knowledge that they were able to complete this study as a 
challenge was satisfying enough and the fact that they saved money from not having to buy as 
many sugary F&B was also a bonus: 
“But I certainly feel like a lot healthier so, yeah, I’d be keen to like continue 
not having many lollies or many sweet things” (Aaden – F/U). 
5.4.4 Sugar in social situations 
The influence of the social environment in sugars consumption was a theme discussed by the 
majority of participants. Participants discussed the benefit of social support which helped 
them to adhere to following a low free sugars diet. Many participants lived in housing 
arrangements where they cooked meals for themselves only. This allowed them to make 
choices which better aligned with a low free sugars diet. Some found it too challenging to 
cook for others mostly because they perceived that others would not like low free sugars 
meals or because they may not be accepting and cater to a low free sugars diet. This meant 
some participants had to start cooking separately from their household. Conversely, some 
reported that others in their household were supportive of their choice to follow a low free 
sugars diet and shared meals which were low in free sugars: 
“We’d have things that weren’t associated with sugar as much. Yeah they 
were very supportive and at the beginning they were, like, like, don’t you 
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dare eat that piece of chocolate kinda thing, like, we know that if they saw 
us eating something they’d be, like, I’m on to you” (Grace – F/U). 
Conversely, social pressure made it difficult for some participants to maintain a low free 
sugars intake. Being offered something sugary by a peer meant participants found it difficult 
to say no as it was free, available and they did not want to appear rude. Furthermore, being 
offered something and accepting this meant for some participants they could not exert good 
self-control: 
“If you’re studying with other people, um, and they bring some snacks 
you’re kinda like oh I really want the snacks and everybody else is digging 
in so you’re like oh” (Georgina – F/U). 
Some participants discussed that when socialising, it was normal to meet in a food 
establishment. They found it difficult to resist choosing something sugary when others around 
them were indulging in sugary F&B. Thus, they felt like not consuming sugary treats was 
socially unacceptable and they should not have to place restrictions on their food choices in 
this type of environment: 
“When you meet with people you usually meet them in, like, a café setting or 
a food setting because food is quite a social thing and, yeah, you normally 
get hot chocolates or sweet sort of treats like that, um, yeah, so it was kind 
of hard ‘cause you don’t want to be the person whose on a diet ‘cause 
there’s such a stigma surrounding diets I feel and a lot of pressure, um, so, 
yeah, that was kinda hard because I feel, like, food is always available and 
it’s such a, plays a big part in your life and you can’t turn it down” (Alisha 
– F/U). 
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As the study progressed, a few participants found it easier to say no when offered something 
sugary by their peers. One participant found workplace support helped her to comply with a 
low free sugars diet as free, fresh fruit would always be available as a snack and consequently 
she stopped buying sugary snacks. Another participant felt like she had to explain that 
reducing her free sugars was a research commitment and that she was going “sugar-free” in 
order for it to be more socially acceptable by her peers. 
Eating out at restaurants was difficult for participants due to a lack of awareness of what 
ingredients were used to make the meals. Thus, they found that preparing meals in their own 
homes allowed them to control their intakes of free sugars more easily as they knew what 
ingredients were being used. Eating out then became an occasional treat where following a 
low free sugars eating pattern was relaxed as it was perceived to be too difficult to adhere to 
this way of eating: 
“Normally you go to restaurant…..you don’t know what they put in there 
[meals]…..when I go out I can just take a day off from the diet, um, from my 
diet to have stuff with my friends to have fun because not many occasion you 
can have food like that” (Pearl – F/U). 
Some participants found it easy to pick a less sugary beverage but challenging to pick a meal 
however, although the nutrient profile of meals could not be accurately determined, some 
participants managed to roughly gauge whether a meal would be high in free sugars based on 
whether ingredients such as sauces or dressings were used: 
“It was easy just, like, to get water instead of a drink of some kind, um, 
yeah, but then the meals I mean that’s in a different category but, but they 
were, you know, difficult to choose out of a proper meal that had less sugar 
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and what not so…..I decided to stop going out as much so it was kinda good 
actually because I got to cook with my partner” (Georgina – F/U). 
5.4.5 Becoming sugar aware 
More processed F&B tended to be the main sources of free sugars for these participants. At 
baseline, participants reported that the perceived problem F&B were chocolate, SSBs, 
biscuits, lollies and sugars personally added. Some participants appeared to have a lack of 
nutrition knowledge regarding free sugars and were worried that “sugar is everywhere” and 
had erroneous beliefs that products such as fruit, rice, milk and bread contributed to their free 
sugars intake. These more processed foods were still expressed as the culprits when it came to 
free sugars intakes at follow-up, but participants were more aware that some sauces, sweet 
spreads, sweetened breakfast cereals and muesli bars were also contributors to free sugars 
intake: 
“Lunch was full of sugar foods, like, biscuits and muesli bars and, um, 
breakfast used to be quite a bit of sugar some days…..porridge, but then 
before the study I also used to have like jam on toast” (Daisy – F/U). 
Sauces, dressings and sweet spreads (e.g. stir-fry and curry sauces, tomato sauce, mayonnaise, 
honey, jam) were the most surprising sources of free sugars for participants. Some were also 
surprised that fruit juice and certain breakfast cereals (e.g. porridge sachets, honey rice 
bubbles) were also sources of free sugars. Participants were either unaware of how much 
sugars these products contained or did not know these contained sugars at all. Furthermore it 
was surprising to some, how many food products contained sugars which meant they had to 
make quite substantial changes to their food choices, especially when it came to snacks: 
   
48 
 
“It was sort of surprising how much food was…..yeah, yeah, well how many 
food types were, so you would have to sorta go from snacks [muesli bars 
and fruit juice] going to like nuts and fruit” (Sara – F/U). 
Participants were also surprised that traditional breakfast foods such as cereals, yoghurts and 
spreads were sources of free sugars as these are items which people are commonly brought up 
on and associate with good health especially honey which is “natural” and “cures the 
common cold”. Similarly, fruit juices were a surprising source as participants perceived them 
as a “natural” product. 
5.4.6 A shift in eating norms 
Two participants implemented self-monitoring methods of their free sugars intake. One 
participant would try to keep the total sugars content of their food choices below 5g/100g 
throughout the day if they knew they were eating out later as they found it too difficult to 
monitor their free sugars intake in this environment. Another participant would keep any 
sugary foods for consumption at the end of the day because they perceived that if they had 
this at the start, there would be a greater risk of overconsumption and exceeding of the WHO 
recommendation. 
Although cooking meals from scratch helped participants to control ingredients used to ensure 
these were not high in sugars, some still struggled to find certain ingredients low in sugars: 
“I, like, looked up, um, sugar-free stir fries but it was all these, like, add 
some form of syrup…..yeah, like, I find it quite hard to actually find 
something that wasn’t add this sugar I mean I could of done it without it but 
I was, like, but maybe the balance would be wrong” (Grace – F/U). 
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Participants reported enthusiasm for looking up healthier meals and making new dishes. For 
one participant, it meant they could add ingredients they never would have used before 
because they felt like their taste for flavours were enhanced. Another participant decided to 
start cooking in bulk so they always had food available when they wanted and did not have to 
constantly think about cooking.  
Planning and preparing in advance was a useful approach adopted by most participants to 
avoid impulse purchasing of convenience foods high in free sugars. Having a handy supply of 
healthy snacks such as dried fruits, nuts and seeds when away from home was also useful. 
Putting more effort into preparing meals allowed participants to create more satiating, 
nutritious meals which for some meant they did not have to snack on something later which 
would often be sugary: 
“At first it was kind of like, oh damn, I can’t just, like, I can’t just grab for 
the first food that I see I need to plan this out, um, but in the end it was fine I 
just kind of got into a normal pattern of I need to, like, meal prep or I need 
to make my, like, give myself time to actually make and produce this food” 
(Grace – F/U). 
Convenience foods that were quick and easy to prepare was important for most participants 
prior to joining the study. While many participants were able to find alternative solutions, 
those who preferred the time-saving choice of buying foods found it difficult to find options 
low in sugars: 
“It is doable to have, like, good healthy meals and, like, cheap but they’re 
also not [time] convenient” (Jessica – F/U). 
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“Just, like, less options to eat…..you know, like, quick food when, like, say 
it’s night time or free time…..less options to get, like, you know, quick, 
like…..with a lot of calories in” (Joe – F/U). 
Breaking the habit of purchasing foods on campus was difficult for some because snacks were 
readily available if they experienced a “sugar craving”. However, those who prepared snacks 
and meals in advance found that these were more satisfying than the options available on 
campus. It also meant they did not waste time walking around trying to decide what to buy. 
Avoiding impulse purchasing or changing normal purchasing practices at the supermarket was 
a challenge for a few participants though not buying sugary items in the first place was an 
important strategy in preventing free sugars consumption: 
“Buying it is, like, the first step to eating it, it’s the step before the eating so 
you tell yourself you can’t have that or you can have, like, a less sugar 
version of it” (Nina – F/U). 
“I was just used to going into the supermarket and, um, yeah, just quickly 
going out, you know, picking what I needed but this time I had to compare 
labels and, you know, really look for proper products, go to several different 
aisles to look for the right one” (Georgina – F/U). 
The majority of participants appeared to have improved their diet quality by increasing 
consumption of fresh fruits, fresh vegetables, nuts and plain breakfast cereals which are 
typically less processed. Fresh fruits and dried fruit were a useful alternative sweetener to 
sugar and because most participants enjoyed consuming fruits, it was not difficult to increase 
consumption. In doing so, the majority reported decreasing consumption of chocolate, SSBs, 
biscuits, lollies and sauces which are typically more processed. If consumed, participants said 
they would eat them less frequently or would consume them in smaller amounts by making 
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them last longer. For example, spreading a single-use packaged sauce over multiple meals or 
making a tub of ice-cream last weeks rather than days: 
“I ate less chocolate and biscuits and lollies or sweets, um, I think I ate 
more of well the alternatives, sugar alternatives…..I did feel like I ate quite 
a bit more vegetables than what I’m used to and fruit actually ‘cause fruit is 
quite sweet as well so, yeah, I think I compensated and used fruit as an 
alternative on some occasions” (Alisha – F/U). 
Initially, finding alternatives to the sugary foods, especially sugary snacks, was difficult for 
most participants. Many participants did not realise that snacks such as muesli bars, were high 
in free sugars, and did not know what they could replace these with. However, once 
participants became aware of other options they could have and got into the routine of label 
reading, finding alternatives was not an issue: 
“There was always a substitute for something, like, rice thins or corn thins, 
yeah, yeah, yeah, there was always that substitute, always that substitute 
thing to binge on as well” (Grace – F/U). 
For some participants, it was easier to completely cut-out sources of free sugars rather than 
finding a replacement. For example, some participants took away the primary vehicle for their 
intake of discretionary sugars by reducing intakes of beverages which they would add sugar 
to, reducing intakes of bread which they would add sweet spreads to or reducing intakes of 
dessert items they would add syrups to. Two participants reported that they increased 
consumption of salty foods such as chips or used more soy sauce in meals such as stir-fries 
and a few participants reported having more “carbs” like bread, crackers or a breakfast cereal 
like weet-bix. At baseline, some participants perceived that omitting sugar that they added to 
beverages would be easy as it was not a necessity which was successfully achieved. 
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replace sugar or artificially sweetened products such as lollies, chocolate, biscuits or 
beverages. Participants reported feeling less guilty using these products as knew they did not 
contain sugars. Most participants reported that artificial sweeteners and artificially sweetened 
products tasted very similar to the normal sugar-containing product. However, laxative side-
effects from excessive consumption were off-putting: 
“I really liked them to start because they tasted similar but, uh, and then I 
found out that they caused digestion problems for me so, um, yeah, I had to 
stop doing that” (Georgina – F/U). 
Furthermore, the expense associated with buying these products was also a barrier. One 
participant recognised that although the sugar-free products satisfied their sweetness desire, it 
was not satiating. Participants who did not experience laxation with consumption of artificial 
sweeteners or artificially sweetened products were interested to continue using these as it 
meant they could still have something sweet when desired: 
“I love it, yeah, I like the feeling of putting 6 tablets in and it’s so sweet it’s 
like magic…..I feel good because it’s not sugar and it’s nice and cute and 
small, just the psychology stuff” (Pearl – F/U). 
5.4.7 The challenge of the current food environment 
Interpreting nutrition labels with respect to free sugars is challenging in NZ as currently only 
total sugars are declared on nutrition labels which includes natural (intrinsic sugars) that are 
often contained in healthy products we do not recommend avoiding. Some participants 
discussed how the health star rating system could be further refined to provide greater clarity 
around the amount of total sugars present to allow quick interpretation by busy consumers and 
purchasing decisions which better align with the WHO recommendation: 
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“They should have, like, more information on, like, so, like, the stars for 
sugar or, like, whatever different bits of the what’s in it…..because I mean, 
like, lots of people probably don’t check the back of the labels” (Elsie – 
F/U). 
“Having, like, that, um, star rating on chocolate ‘cause that would be what, 
like, zero stars…..it makes people second guess” (Grace – F/U). 
Some participants found the food environment at university challenging as there was no 
nutrition information available to indicate options low in free sugars. However, safe options 
which participants tended to go for were sushi, savoury scone, savoury pinwheel or cheese 
and crackers. However, one participant who worked late at university only had vending 
machine options so was limited to these which tended to be high in free sugars. For the two 
male participants, they perceived they were eating less and were hungrier because it was hard 
to find healthy convenience foods with sufficient calories. Some participants also felt that 
convenience foods high in sugars were more available and accessible than convenience foods 
low in sugars. Consequently, they believed that in order for themselves and others to follow 
the WHO recommendation this needed to be reversed: 
“The options that are available, like, people are obviously gonna go for the 
things that are sugary if they got the chance…..if, like, it wasn’t as available 
then it would be easier to keep it that way” (Joe – F/U). 
Six participants felt like they spent less money at the supermarket, six felt like they spent 
more and two felt like there was no substantial change. One of the participants felt like they 
spent less as they were not buying much on campus anymore. However, they still felt money 
was an issue in following a low free sugars diet as they felt they needed to buy healthier, 
higher quality foods which were less affordable. Therefore, they indicated their support for a 
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tax on ‘unhealthy foods’ in NZ. Low sugar alternatives such as artificially sweetened products 
or nuts were found to be prohibitively expensive: 
“To bake you have to buy some kind of, um, artificially sweetened 
product…..but if I buy more food it’s, like, more healthy food, if I don’t it’s 
just, I’m just going to go to easy path of eating junk food…..this diet, not all 
students can afford or not all people can afford, maybe it’s a little bit more 
expensive” (Pearl – F/U). 
For those who noticed no change, this tended to be because the money they usually spent on 
sugary F&B were diverted to buying more healthy F&B. 
5.4.8 The usefulness and awareness raising potential of the study and its supports 
Learning to read and interpret NIPs and the ingredients list was the most useful nutrition 
support for participants. Although initially time-consuming, once they got into a routine they 
knew which products were low in total sugars. A few participants already knew the basics of 
label reading but had not taken the next step of using this information to guide purchase 
choices. Label reading helped participants to compare the total sugars content between similar 
products and gauge how much total sugars they would be having if they were following the 
serving size recommendation. Participants also learnt that total sugars included both natural 
(intrinsic) and free sugars so would also look at the ingredients list to determine whether a 
certain product was likely to contain free sugars: 
“That was another thing I kinda got used to, and I reckon that got quite 
easy, it’s not too hard to just look at the back of a label and see how much 
sugar it has” (Aaden – F/U). 
The wallet card and FoodSwitch
 
app were useful for quickly discerning whether a product 
was low, medium or high in total sugars with the app having the additional benefit of offering 
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alternatives. Although some participants found these supports helpful in making time-saving 
choices, a few participants struggled in downloading the app due to issues with phone 
compatibility or perceived them as too time-demanding or awkward to use: 
“I used the card, I kind of, like, memorised it and it kind of, like, reminded 
myself that I shouldn’t have sugar ‘cause I’ve been trying so hard reducing 
it…..um, I downloaded the application and so I think it was quite awkward, 
like, choosing your food and having to scan” (Skye – F/U). 
Participants found the personalised advice, support and accountability of the weekly clinics 
helpful in adhering to a low free sugars diet as well as the additional resources and emails 
provided. Some participants expressed concern about their ability to maintain a low free 
sugars eating pattern when they no longer had to be accountable to weekly clinics but others 
were more confident that they could maintain the dietary changes made: 
“I think where you came in most was probably just our little chat sessions, I 
think just, um, just sort of having someone to report to and sort of make me 
be accountable” (Lola – F/U). 
Some participants discussed that knowing they were part of a research project encouraged 
proper adherence to a low free sugars diet and they expressed concern that if they did not fully 
commit this may impact the validity of study findings: 
“You have to remind yourself that because you’re in a study you can’t buy 
it…..yeah, ‘cause I don’t wanna be a statistical outlier and I think maybe, 
like, personally I feel I always, like, I’m not really rebellious I, I, I like to 
follow, like, the rules” (Nina – F/U). 
Being part of research meant one participant was uncertain whether they would be able to 
continue a low free sugars diet outside the confines of this study because there would be no 
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end-point or further support. For another participant, they treated this study as a “sugar 
detox” so felt like the dietary changes made were not something they were ready to maintain 
but would re-introduce if they felt like they needed to detox. 
Participants who found the booklet useful specifically found the food swaps and the snack list 
helpful. Some participants used the recipes created by the researcher to base their own recipes 
off or searched for recipes on the suggested websites (i.e. Heart Foundation and Healthy Food 
Guide). However, most did not use the recipes provided primarily due to time constraints: 
“I think the alternative food sheet was the most useful because I think, think 
most people would kinda struggle with that, being able to replace 
something, um, to satisfy that craving” (Alisha – F/U). 
“Maybe the recipes, it’s just because I don’t spend that much time, like, 
going for that kinda thing…..I can see how it would be useful, I just didn’t 
really have the time” (Sara – F/U). 
The screening FFQ and 3DDR were useful tools for raising awareness of high free sugars 
consumption despite being used for the purpose of dietary assessment. Primarily this was 
because they raised awareness of how much food was being consumed in general, how much 
sugary F&B were being consumed and the portion sizes that participants were having: 
“There’s things in there [FFQ] that you don’t really think about that would 
contribute lots of sugar and you’re, like, okay maybe that’s not a good thing 
but, yeah, and I feel, like, seeing, like, the pictures of stuff you’re, like, okay 
I can place that now or something, yeah…..one thing was fruit juice, like, 
thought that was all good, natural sugars” (Daisy – F/U). 
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Some participants did report that they avoided sugary F&B on the days they were completing 
a weighed diet record so they appeared more compliant to following a low free sugars diet.  
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6 Discussion and conclusion 
6.1 Summary and interpretation of main findings 
The majority of university students involved in this four-week nutrition intervention were able 
to reduce their free sugars intake to less than 5%TE. However, this required substantial 
dietary changes. The study group were able to reduce their mean free sugars intake from 
14.1%TE at baseline to 3.0%TE at follow-up. When individual dietary intake data were 
examined, the WHO recommendation was met by one participant at baseline and thirteen at 
follow-up (92.9%). As a result of following a low free sugars diet other positive changes in 
dietary intakes were observed. From baseline to follow-up, mean intakes of total carbohydrate 
reduced from 282g to 222g while fibre intakes did not decrease and mean intakes of saturated 
fat reduced from 27.5g to 20.8g. This corresponds to 10.1%TE from saturated fat achieved at 
follow-up which is close to the recommendation that intakes of saturated fat should not 
exceed 10%TE (124). A mean reduction in weight from 68.9kg to 67.9kg was also observed. 
These findings indicate a positive step towards reducing various NCDs such as CVD and 
dental caries. 
Qualitative analysis findings indicated that this cohort believed they were excessive 
consumers of sugars and struggled to moderate their intakes. Chocolate, SSBs, biscuits, lollies 
and discretionary sugars tended to be the main sources of free sugars, similar to the main 
sources of sucrose for participants of the ANS 08/09 (51). Participants in the research project 
were aware of health consequences associated with excessive sugars consumption and 
believed reducing sugars would help prevent this; a belief commensurate with other studies 
examining sugars consumption behaviour (24-26). Some believed they had a sugar addiction 
or cravings which meant they found self-control challenging. Other studies have also 
supported a similar finding (25) however there is a lack of evidence supporting a sugar 
addiction paradigm (138). Stress has been reported as a key promoter of sugars consumption 
   
59 
 
(25, 139, 140) which was an issue faced by most participants. Seeing peers consume sugary 
F&B, being offered sugary F&B, or being able to easily access it were also triggers of sugars 
consumption. There appears to be a need for more positive social influence amongst peers as 
they tended to exert pressure to consume sugars, a barrier congruent with other studies (24, 
25, 140). However, the researcher was reported to be a source of support and other health 
professionals (e.g. doctors) have also been identified as valued supporters (24, 26, 140). 
Following the intervention, participants reported greater awareness of their sugars 
consumption promoting them to invest greater thought into portion control and choosing less 
sugary F&B. This represents characteristics of mindful eating which has been shown to help 
in moderating sugars consumption (107). Participants considered themselves as time-
restricted therefore convenience foods were often preferred. However participants struggled in 
choosing alternatives low in sugars due to non-awareness of free sugars content, limited 
availability in certain environments (e.g. campus) and non-awareness of ingredients used in 
food preparation. These barriers differed to those of Tanzanian students which were boredom, 
fatigue and inability to afford alternatives low in sugars (24). Initially, participants reported 
that putting time and effort aside to plan and prepare in advance and cook meals from scratch 
was difficult. However, was extremely beneficial in controlling free sugars intake and 
preventing impulse purchasing of convenience foods, a strategy also employed in other 
studies (25, 109, 110).  
Numerous studies have integrated label reading, resources based on traffic light labelling, and 
food exchanges in nutrition interventions (53, 103, 109, 110) but have not evaluated 
participant acceptance of these. In the research project, label reading was time-consuming 
initially but became more efficient with practise and was vital in raising awareness of the total 
sugars content. Most participants found the FoodSwitch

 app and wallet card useful in 
assessing the level of total sugars in a product and in the case of the former, offering 
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alternatives. Being able to replace a sugary F&B with a non-sugary F&B (including 
artificially sweetened products) was useful for most participants thus they found the food 
swap sheet and snack list beneficial. However, the laxative side-effects and financial cost of 
artificially sweetened foods was a substantial hindrance. Due to the time and study pressures 
of these young students, the low free sugars recipes were not found to be particularly useful. 
Having artificially sweetened beverages available made it easier to replace SSBs as 
participants could still get a sweet taste without the associated guilt. Some opted for smaller 
portion sizes of SSBs, consumed them less frequently or completely omitted them as were 
only ‘extras’ and not a necessity; similar findings echoed by Zoellner et al (26). Weekly clinic 
sessions were theory-led and comprised tailored motivational interviewing, problem solving, 
goal setting and social support which has been incorporated into other effective nutrition 
interventions (108-110) and participants in the research project valued these clinics as a 
source of weekly support. 
Although dietary advice was targeted at reducing free sugars, it appeared that other dietary 
changes occurred concurrently.  Participants commonly reported reducing intakes of foods 
high in free sugars and saturated fat such as chocolate and biscuits. This contrasts against 
suggestions made by Sadler et al (28) who conducted a review on the relationship between 
dietary sugars and fat stating that many high-fat foods are low in sugars and vice-versa 
therefore multiple dietary guidelines may be difficult to achieve. Intakes of absolute amounts 
of extrinsic sugars and saturated fat were also successfully reduced in a study aimed at taking 
a family approach to improving dietary intakes (110). Statistical analyses conducted in this 
research project did not extend to testing associations between nutrients. However, findings 
highlight that intakes of absolute amounts of saturated fat and free sugars were able to be 
reduced which is important given the role of saturated fat in CVD (8). Sadler et al (28) did not 
analyse the relationship between intakes of absolute amounts of saturated fat and extrinsic 
sugars. The reduction in total carbohydrate seen in this research project is likely secondary to 
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the reduction in free sugars as these are a component of total carbohydrate. Although the 
majority of participants reported increased consumption of F&V, the total carbohydrate 
concentration of these foods is lower compared to starchy foods (23) and F&V tend to be 
over-reported in dietary assessment (141). Some participants reported increased consumption 
of starchy foods (e.g. bread) but this may have been negated by an overall reduction of foods 
high in free sugars and total carbohydrate. Sadler et al (28) found a positive association 
between intakes of absolute amounts of extrinsic sugars and total carbohydrate but only for 
studies showing a total sugars-total fat inverse association. Participants in the study by 
Paineau et al (110) advised to reduce intakes of extrinsic sugars and saturated fat were also 
advised to increase complex carbohydrates but no changes were observed in the latter. The 
authors also suggested that this may be due to a reduction in foods high in extrinsic sugars 
and total carbohydrate. Thus, it appeared that there were no negative unforeseen outcomes in 
reducing free sugars intakes in this sample of young NZ adults. 
In reducing free sugars intakes, it appeared that participants made steps towards improving 
overall dietary quality by increasing intakes of energy dilute, nutrient dense foods such as 
F&V. Consistent with this was a reduction in mean EI and body weight. Although it is hard to 
disentangle the effects of dietary changes in free-living individuals, this indicated that 
following free sugars recommendations may promote dietary or lifestyle changes which act 
favourably to reduce EI and body weight, a finding supported in a meta-analysis by Te 
Morenga et al (9). As these authors found no differences in weight with iso-energetic 
exchange of sugars with other macronutrients in free-living individuals, it appears that it is the 
energy contributed by excessive intakes of free sugars, and other macronutrients for that 
matter, which leads to weight gain. The sugar industry has argued against sugar’s role in 
obesity (48) and industry-funded work has concluded that weight loss can occur regardless of 
whether sugars are present or not (53). However, this research project provides greater insight 
in that reducing free sugars may prompt individuals to make healthier dietary or lifestyle 
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choices and results did not support arguments that energy from free sugars would be replaced 
by energy from other macronutrients. 
6.2 Application of findings to the New Zealand population  
Findings indicate a need for environmental changes to support a low free sugars intake. 
Participants discussed a need for there to be improvements to food labelling in NZ such as 
declaration of free sugars which would help consumers better identify F&B low in free sugars 
(86) and provide greater clarity to NZ guidelines which currently recommend choosing foods 
low in added sugars by comparing total sugars on nutrition labels (50). The voluntary nature 
of the health star rating was criticised by a few participants who suggested that it needs to be 
placed on more processed foods (e.g. chocolate) and that individual nutrients should have a 
star rating to provide more clarity around sugars. Most participants found FoodSwitch

 and 
the wallet card based on the traffic light system useful so introducing this type of labelling 
may help consumers to make better purchasing decisions in regards to sugars. One participant 
supported a tax on unhealthy F&B including SSBs. Arguments against taxation initiatives 
stems from the ideology that it is the individual’s choice when it comes to F&B consumption 
(77). However, even this highly educated and motivated cohort found reducing free sugars 
intakes challenging and some were not confident that the dietary changes made could be 
easily maintained over the long-term. As highlighted by some participants, there needs to be 
greater awareness of the health effects of excess free sugars intakes and the WHO 
recommendation. In this cohort, there also appeared to be misunderstandings about the role of 
sugars intake and health-related outcomes, as well as what foods contained free sugars as 
some were concerned about sugars in fruits, bread and rice; similar food concerns to those 
with type 2 diabetes (140). Public health campaigns may help create a more positive social 
influence amongst peers and provide clarity around the types of dietary sugars which need 
moderating and where these are found. As convenience foods were popular in this group, 
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increasing the availability of healthy, satiating meals and snacks especially those in vending 
machines may help to support a low free sugars intake. As many participants found it difficult 
to choose meals low in free sugars when eating out, improved menu labelling may also be 
useful as well as reformulation by gradually reducing free sugars in F&B. This has been 
implemented overseas (88) and incorporated into NZ initiatives targeted at other risk nutrients 
(e.g. sodium) but has not targeted free sugars (91, 142). 
6.3 Strengths and limitations of the research project 
Conducting an in-depth qualitative analysis allowed exploration of ‘how’ and ‘why’ a low 
free sugars diet was easy or difficult and how nutrient intakes are influenced by usual 
consumer behaviour. Baseline free sugars intakes were three times higher than the WHO 
conditional recommendation for free sugars and as young adults are high consumers of sugary 
F&B (51) it was of particular value to target this cohort for this research. Using multiple 
research methods and analysis of interview transcripts by three researchers, a concept known 
as triangulation (135), allowed cross-comparison, validation, and enhanced confidence in 
findings that following a low free sugars diet is achievable but requires substantial behaviour 
change. Limitations include the short duration of the study, meaning the barriers and 
facilitators to long-term adherence cannot be determined. Diet records are subject to under-
reporting of EI (119, 125) which was evident in research findings and is likely due to 
undereating as some participants reported avoiding sugary F&B on recording days. Previous 
research has shown that women and overweight individuals are more likely to under-report 
(125) which were major demographics of this cohort and socially undesirable foods (e.g. 
sugary F&B) tend to be under-reported (143). Also, being part of research may have 
prompted individuals to eat healthier to please the researcher which was indicated by a few 
participants. Consequently, free sugars intakes may have been under-estimated. However, 
understanding participant experiences was of primary importance with quantitative data only 
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acting to complement this. It was not always possible to accurately match 3DDR items on 
Kai-culator so dietary data may not precisely reflect actual dietary intakes. Furthermore, the 
sample size was small meaning the study was not adequately powered to test statistically 
significant differences in nutrient intakes, however, dietary assessment was not the primary 
aim and qualitative analysis showed that participants provided consistently similar 
perspectives on their experiences of following a low free sugars diet thus theme saturation 
was likely reached with this sample size. As convenience sampling was used and this cohort 
was a specific group of young university students, participants may have been more health 
literate and motivated to reduce free sugars intakes than the general population, potentially 
limiting the generalisability of findings. Nevertheless, this cohort was a priority population for 
free sugars reduction. 
6.4 Directions for future research on free sugars 
This exploratory study shows that in reducing free sugars intake to within 5%TE, beneficial 
changes in intakes of energy and other nutrients occurred concurrently; namely, total 
carbohydrate and saturated fat. As the sample size was small (n = 14) a clinically meaningful 
change in protein and fibre intakes could not be discounted. However, more adequately 
powered studies are needed in order to detect differences in nutrient intakes and thus ensure 
that reducing free sugars intake will improve total diet quality and health. Recruiting a more 
representative sample of the NZ population would improve generalisability of results and 
provide greater insights into those with higher free sugars intakes such as children and 
adolescents (21, 22, 55-57). Furthermore, there is a need for studies of longer duration to 
determine whether reducing free sugars intakes are sustainable long-term and thus more likely 
to elicit health benefits and overall, mark a positive step towards the WHO target of halting 
the rise in obesity and diabetes (19). 




This clinic-based intervention was successful in helping a small cohort of university students 
to reduce their intake of free sugars but required substantial changes in eating behaviours. 
Main barriers were: managing sweetness desire; finding low alternatives low in sugars; 
laxative side-effects and financial cost of artificially sweetened products; investing time and 
effort to plan and prepare food in advance; reading and interpreting nutrition labels; resisting 
social pressure to eat sugary F&B; and choosing options low in sugars away from home. Main 
facilitators were: having planned and prepared food in advance; cooking meals from scratch; 
reading and interpreting nutrition labels to find options low in sugars with the support of 
FoodSwitch

 and the wallet card; replacing options high in sugars for those low in sugars 
and; the support of weekly clinics. Public health strategies could include collaboration with 
policy-makers and food industry to declare free sugars on labels and introduce more 
interpretative front-of-pack labelling; reformulate F&B to contain less free sugars and; 
increase the availability of nutrition information in food establishments.   
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7 Application of research to dietetic practice 
Although this was an individual-based intervention, it provides insight into the barriers and 
facilitators which should be considered when designing interventions for larger groups or 
populations. Population-based interventions targeted at reducing free sugars are important and 
warranted as they target a greater number of individuals which may translate into clinical 
effects such as reduced weight and furthermore, a reduction in the risk of NCDs or 
complications of NCDs. The research project primarily focused on a dietitian’s role in 
developing personal skills of individuals (71) but also highlighted the importance and need 
for more dietetic roles in building healthy public policy, creating supportive environments, 
strengthening community action and reorienting health services to help make the “healthy 
choice an easy choice” an achievable and sustainable feat (71). 
7.1 Individual application 
Research findings have important relevance and applicability to the researcher’s individual 
dietetic practice. A key competency outlined in the NZ Dietitians Board Registration 
Competency Requirements is communication (144). The ability to conduct effective 
communication and facilitate effective nutrition counselling are key learning outcomes for 
communication (144) and were pivotal practices as part of the research project’s dietary 
intervention. Having weekly contact and conducting interviews with participants enabled the 
researcher to continuously improve their communication skills especially with the population 
group of young adults whom the researcher has not regularly encountered in an inpatient or 
outpatient setting. The ethnic diversity of this group and the strong ties some had with their 
cultural practices, prompted the researcher to ensure that communication and counselling 
strategies were appropriate and respectful of their differing world views. As participants were 
in different stages of behaviour change, this meant the researcher had to tailor nutrition 
counselling, use a variety of motivational interviewing techniques and draw on different 
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aspects of the TPB to ensure client-centered care. These experiences meant the researcher has 
developed a greater understanding of the challenges and achievements individuals face when 
it comes to changing behaviour specifically, the barriers and facilitators which exist to 
reducing free sugars intakes. This will be something the researcher applies to future practice 
and refines as part of being a reflective practitioner and lifelong learner who continually 
critiques their performance and seeks ways to improve.  
7.2 General application 
Advice targeted at reducing free sugars appears to have prompted individuals to make 
healthier food choices (e.g. increased consumption of fruits, vegetables, nuts and/or seeds). A 
reduction in weight was also observed in response to the changes participants made in order to 
reduce free sugars, however, this cannot be directly attributed to free sugars. Nonetheless, 
advice targeted at reducing free sugars would be a beneficial component of clinical 
consultations focused on weight loss, diabetes management and general healthy eating. As 
most participants found label reading, the food swap sheet and alternative snack list useful, 
these would be worthwhile supports to incorporate into these consultations. There is a lot of 
misleading information provided about dietary sugars in the media from non-credible sources 
which resonated through some of the perspectives provided by participants in this research 
project. This can cause confusion in the lay public and lead to inappropriate dietary practices. 
Dietitians have an integral role in correcting nutrition misinformation by educating clients 
directly or others involved in their care. Having accurate, up to date research evidence to 
support this advice is pivotal. Therefore, dietitians have an important role as an educator of 
dietary sugars, advocator for our profession as a source of reliable information and to make 
our voices heard to provide safe nutrition information. For dietitians working in a foodservice 
role, especially in an education setting (e.g. pre-schools, schools, universities), they could 
work collaboratively with foodservice managers to design menus with reduced free sugars 
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content. Dietitians can also play a useful role in developing more local or national policies 
targeted at reducing intakes of free sugars such as the ‘water-only schools’ policy which 
prohibits SSBs in schools and promotes water and plain reduced fat milk only (145). This 
could also extend to working in conjunction with the food industry to reformulate F&B to 
contain less free sugars especially SSBs, snacks/convenience items and products which 
contain hidden free sugars (e.g. sauces, dressings and spreads). It could also mean advocating 
for nutrition labels to declare free sugars as well as more interpretative front-of-pack nutrition 
labelling in general as current NZ food labelling is not conducive to quick and easy 
interpretation of nutrient profiles. In a community role, dietitians could advocate for 
initiatives such as the ‘no sugary drinks’ logo to be implemented at events, organisations and 
work premises (146) or help develop campaigns to raise awareness of recommendations 
surrounding dietary sugars (such as the WHO free sugars recommendations), the health 
consequences of excess free or added sugars intakes and the benefits of reduction. They could 
also run community sessions providing nutrition education and incorporating practical 
activities to show how free sugars can be reduced (e.g. supermarket tours, label reading 
activities, cooking demonstrations and classes). This should include communities where 
health inequalities are highly prevalent such as those with a greater proportion of Maori and 
Pacific individuals whom tend to be over-represented in obesity (6) and dental caries statistics 
(17). 
Overall, greater insight into the feasibility of diets low in free sugars in NZ has benefit for 
both future individual and general dietetic practice to help improve the health of individuals, 
groups and the NZ population at large. 
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Appendix E: Participant information sheet 








Low Sugars (Free Sugars) Diets: Feasibility in New Zealand 
INFORMATION SHEET FOR PARTICIPANTS 
 
Thank you for showing an interest in this project.  Please read this information sheet carefully 
before deciding whether or not to participate.  If you decide to participate we thank you.  If 
you decide not to take part there will be no disadvantage to you and we thank you for 
considering our request.   
 
What is the aim of the project? 
 
There is growing concern that high intakes of free sugars increases energy intake and may 
reduce the intake of more nutritious foods leading to an unhealthy diet and weight gain. Also 
of concern, is the association between free sugars intake and tooth decay. To prevent and 
control unhealthy weight gain and tooth decay, the World Health Organisation recommends 
that the intake of free sugars be <5% of total energy intake/day. For an average adult, this is 
approximately 5 teaspoons of sugar per day. Free sugars are defined as sugars added to foods 
and drinks by the consumer, cook or manufacturer as a sweetener and includes honey, fruit 
juices, syrups and purees. The aim of this project is to explore how easy or difficult it is for 
you to reduce your free sugars intake to <5% of total energy intake/day in the current food 
environment, the effectiveness of the dietary resources provided to you and whether reducing 
free sugars results in changes in body weight or intakes of other foods. 
 
This project is being undertaken as part of the requirements for Sonja Olney’s Master of 
Dietetics degree. 
 
What type of participants are being sought? 
 
We are seeking up to 15 healthy adults aged 18-65 years living in Dunedin. If you are already 
restricting your dietary sugars intake or it is estimated that your free sugars intake is <5% 
total energy intake/day you will be ineligible to participate. Participation will give you access 
to a personal report of your free sugars intake and you will also be compensated $20 in the 
form of supermarket vouchers for the return of each diet record (total $40). 
 
What will participants be asked to do? 
 
Should you agree to take part in this project, you will be asked to attend an initial clinic 
appointment. Here you will fill out a short, electronic food frequency questionnaire on your 
usual intake of sugary foods and drinks which will help us to determine your eligibility to 
participate. If eligible, you will spend approximately 30 minutes with a student dietitian who 
will provide you with instructions and equipment for collecting a 3-day weighed diet record. 
The student dietitian will also measure your height and body weight. 
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We will then ask you to arrange a time to return to the clinic with a completed 3-day weighed 
diet record. This appointment will take approximately 45 minutes with the student dietitian 
also asking what you perceive the issues to be in following a low free sugars diet, what you 
think the main sources of free sugars are in your diet and your reasoning for joining the study. 
We will then ask you to eat a diet with a free sugars intake of <5% total energy intake/day 
(approximately 5 teaspoons of sugar/day). You will not be given a diet plan so are able to 
freely select the foods and drinks of your choice. However, you will be given written 
resources, a recommendation for a smartphone app and artificial sweeteners to help you in 
choosing low free sugars foods and drinks. Throughout the four weeks, we ask you to also 
attend a 20-minute clinic session with the student dietitian weekly. Here the student dietitian 
will provide advice and support on achieving and maintaining a low free sugars diet. 
 
After four weeks, we will ask you to collect another 3-day weighed diet record and attend a 
final 60-minute clinic session with the student dietitian to return your diet record and to get 
your body weight measured. The student dietitian will also ask what you have eaten and what 
barriers and facilitators you experienced whilst following a low free sugars diet. They will 
also ask you how useful the dietary resources were and whether a low free sugars diet 
changed your intake of other foods.  
 
Note: To complete the 3-day weighed diet record, you will be asked to weigh and record all 
food and drink consumed for three non-consecutive days, which may cause inconvenience to 
your daily activities. You will receive all necessary training and equipment for collecting 
weighed diet records. All meetings will take place at the Department of Human Nutrition, 
University of Otago. 
 
Please be aware that you may decide not to take part in the project without any disadvantage 
to yourself. 
 
What data or information will be collected and what use will be made of it? 
A food frequency questionnaire on your usual intake of sugary foods and drinks will be 
collected at the beginning of the study and a 3-day weighed diet will be collected at the 
beginning and end of the study. These will be analysed and your estimated nutrient intakes 
will be recorded. The clinic session focused on commencement of the low free sugars diet 
will be audiotaped in order to adequately capture your perceived issues in following a low 
free sugars diet, what you think are the main sources of free sugars in your diet and your 
reasoning for joining the study. The last clinic session will also be audiotaped in order to 
adequately capture the barriers and facilitators you experienced whilst following a low free 
sugars diet, the efficacy of dietary resources provided and whether there were changes in your 
intake of other foods. Your body weight and height will be measured at the beginning of the 
study and your body weight will be measured again at the end of the study to assess changes. 
Any information you provide which can identify you is confidential and will not be disclosed 
to anyone without your permission, except if required by law. Information that identifies you 
personally (e.g. name and contact details) will be kept separately from all your other results, 
and will only be linked back to your results if we need to contact you personally. Your name 
and contact details will only be available to Sonja Olney (student dietitian) and Dr Lisa Te 
Morenga (primary supervisor) and not to any other researchers analysing the results of the 
study. 
 
Any publications of the findings of the study will be done in such a way that you cannot be 
identified. 




The data collected will be securely stored in such a way that only those mentioned below will 
be able to gain access to it. Data obtained as a result of the research will be retained for at 
least 5 years in secure storage. Any personal information held on the participants (e.g. 
audiotape evidence) may be destroyed at completion of the research even though the data 
derived from the research will, in most cases, be kept for much longer or possibly 
indefinitely.  
 
The results of the project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand) but every attempt will be made to preserve your anonymity.  
 
At the beginning and end of the project there will be an interview designed to capture 
perceived and actual participant experience about consuming a low free sugars diet. This 
interview involves an open-questioning technique. The precise nature of the questions that 
will be asked have not been determined in advance, but will depend on the way in which the 
interview develops. In the event that the line of questioning does develop in such a way that 
you feel hesitant or uncomfortable you are reminded of your right to decline to answer any 
particular question(s).  
 
Can participants change their mind and withdraw from the project? 
 
You may withdraw from participation in the project at any time and without any disadvantage 
to yourself. 
 
What if participants have any questions? 
If you have any questions about our project, either now or in the future, please feel free to 
contact either:- 
Sonja Olney 
Department of Human Nutrition    
 Email Address: olnso964@student.otago.ac.nz 
OR 
Dr Lisa Te Morenga 
Department of Human Nutrition 
University Telephone Number: (03) 479 3978 
Email Address: lisa.temorenga@otago.ac.nz 
 
This study has been approved by the Department stated above. However, if you have any concerns 
about the ethical conduct of the research you may contact the University of Otago Human Ethics 
Committee through the Human Ethics Committee Administrator (ph 03 479-8256). Any issues you 
raise will be treated in confidence and investigated and you will be informed of the outcome. 
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Appendix G: Participant consent form 





Low Sugars (Free Sugars) Diets: Feasibility in New Zealand 
CONSENT FORM FOR PARTICIPANTS 
 
 
I have read the Information Sheet concerning this project and understand what it is about. All 
my questions have been answered to my satisfaction.  I understand that I am free to request 
further information at any stage. 
I know that:- 
1. My participation in the project is entirely voluntary; 
 
2. I am free to withdraw from the project at any time without any disadvantage; 
 
3. Personal identifying information (e.g. audiotape evidence) will be destroyed at the 
conclusion of the project but any raw data on which the results of the project depend will 
be retained in secure storage for at least five years; 
 
4.  At the beginning and end of the project I will be interviewed about my perceived and 
actual experience of consuming a low free sugars diet. This interview involves an open-
questioning technique. Thus, the precise nature of the questions which will be asked have 
not been determined in advance, but will depend on the way in which the interview 
develops and that in the event that the line of questioning develops in such a way that I 
feel hesitant or uncomfortable I may decline to answer any particular question(s) and/or 
may withdraw from the project without any disadvantage of any kind; 
 
5. I will be asked to collect two 3-day weighed diet records, which may cause 
inconvenience to my normal activities. There are no other known risks, side-effects or 
discomforts as a result of participating in this study; 
 
6. I understand that I will receive a reimbursement of $20 in the form of a supermarket 
voucher for each diet record I provide; 
 
7. The results of the project may be published and will be available in the University of 
Otago Library (Dunedin, New Zealand) but every attempt will be made to preserve my 
anonymity.   
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Appendix H: 3-day weighed diet record booklet 
 
  




































































   
127 
 
3-Day Weighed Diet Record Important Reminders: 
 Try and complete the record whilst you are preparing or consuming the food or drink 
rather than retrospectively 
 Please include all meals, snacks and drinks (even water and additions to food and 
drinks) 
 Please attempt to weigh everything. If you are unable to, please estimate the amount 
consumed using: 
- Household measures (e.g. metric measuring cups, teaspoons or tablespoons) 
- Weights marked on packages (e.g. coffee sachet = 23g) 
- Comparison with other objects (e.g. tennis ball-sized amount of rice = ~3/4 c of 
cooked rice) 
 For recipes, list the raw weights of the ingredients, the number of people the recipe 
serves and the proportion you consumed (see example for chicken stir-fry recipe 
below) 
 Record the quantities of all foods and beverages in the form they are consumed (e.g. if 
eating chicken, record the cooked weight rather than the raw weight of the chicken and 
indicate that this is the cooked weight) 
 If you have any leftovers on your plate, weigh and deduct this amount from the 
original amount of that food 
 Remove the peel from fruit such as bananas, oranges, melon etc. before weighing 
 Record and quantify any sugar, sauces, syrups, spreads or dressings added to your 
food during preparation or at the table even if this is a descriptor such as ‘pinch’ 
 
Chicken Stir-Fry Recipe: 
 1 tbsp of canola oil 
 400g of skinless, boneless chicken breast  
 ¼ c of diced onion + ¼ c of diced capsicum + ¼ c of sliced carrot + ¼ c of diced 
zucchini + ¼ c of small broccoli florets + ¼ c of small cauliflower florets 
 1 tsp of crushed garlic 
 1 tsp of crushed ginger 
 ½ tsp of honey 
 ½ tsp of chilli flakes 
 ¼ c of soy sauce 
 250g of udon noodles 
 










Day One Recipes: 
RECIPE NAME: 
 
 RECIPE NAME: 
Food/drink Brand/details Preparation/ 
cooking 
Quantity  Food/drink Brand/details Preparation/cooking Quantity 
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
Amount consumed (i.e. ¼ ⅓ ½ etc.): 
 









Day Two Recipes: 
RECIPE NAME: 
 
 RECIPE NAME: 
Food/drink Brand/details Preparation/ 
cooking 
Quantity  Food/drink Brand/details Preparation/cooking Quantity 
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
Amount consumed (i.e. ¼ ⅓ ½ etc.): 
 









Day Three Recipes: 
RECIPE NAME: 
 
 RECIPE NAME: 
Food/drink Brand/details Preparation/ 
cooking 
Quantity  Food/drink Brand/details Preparation/cooking Quantity 
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
 
 
        
Amount consumed (i.e. ¼ ⅓ ½ etc.): 
 







































































































































































































Appendix K: Label reading wallet card 
Front of wallet card: 
 







































Appendix M: Weekly clinic template 
Participants will meet with the researcher once a week during the four-week low free sugars diet period for approximately 30 minutes. These clinics 
aim to review the participants’ progress with the low free sugars diet and to provide support.  These sessions will allow sharing of information, 
exploration of any challenges in following a low free sugars diet, and to reinforce participants’ achievements. It will also involve setting and reviewing 
of weekly goals. 
 





















Behaviour Change Theories: 
 Use the Transtheoretical Model to tailor clinic sessions according to participants’ stage of behaviour change and use techniques to help 












 If warranted, discuss mindful eating skills: 
- Awareness of what you’re eating by using all your senses, tapping into your own thoughts and noticing how it makes you feel 
- Observation 
- Being present in the moment by only focusing on the food 
- Being mindful of the environment by avoiding distractions 
- Being non-judgemental 
- Letting go 
- Acceptance of what you feel and like and decisions about what you want to do with it 
 If warranted, implement foundations of motivational interviewing: 
- RULE 
 RESIST the ‘righting reflex’ and be aware of the possibility of participant ambivalence 
 UNDERSTAND participants’ motivations rather than trying to motivate participants or install motivation. Develop discrepancies 
between goal and current behaviour 
 LISTEN to participant and express empathy 
 EMPOWER participant by supporting participant’s beliefs that they’re capable, have ideas for solutions and can enact changes if they 
decide to 
- OARS 
 Ask OPEN ended questions 
 Exhibit positive AFFIRMATIONS 
 Be a REFLECTIVE listener 
 Frequently SUMMARISE 
- Evoke change talk and reinforce it when it occurs 
- Work in partnership with participants, draw out ideas and solutions from participants and ensure participant autonomy in decision making 
 
 Incorporate aspects of the Theory of Planned Behaviour:  
- Promote positive attitude by emphasising positive outcomes of following a low free sugars diet and how good this outcome is (e.g. 
following a diet low in free sugars can help to prevent weight gain and tooth decay). De-emphasising the negative outcomes (e.g. missing 
the sweet taste and having a boring diet) can also help in promoting a positive attitude 
- Engage participant’s significant others whom the participant believes wants them to reduce their free sugars intake and whose opinion 
motivates the participant to follow a low free sugars diet (where appropriate) (e.g. doctors and dentists)  





Appendix N: Diet history documents 
The researcher will conduct a diet history with each participant at their weekly clinic visit, 
commencing at clinic two and ceasing at clinic five. This aims to help assess participants’ 
progress and adherence to a low free sugars diet. The researcher has been trained in how to 
conduct a thorough diet history, ensuring that the participant describes what they would 
usually have to eat and drink across weekdays and whether there is any variation in the 
weekend. The diet history method aims to capture individual’s usual meal pattern and what 
they have to eat and drink over a long period of time. In the context of the research project, 
this was over a week. The researcher would ask the participant what they would typically 
have to eat and drink starting with when they first got up until they retired for sleep. The 
researcher realises the importance of asking open ended question and avoidance of misleading 
or judgemental questions or responses. For example, “What would you have to eat and drink 
when you first get up? What type? How much? Would you add anything? Anything else? 
What would be the next thing you would have to eat and drink?” The researcher would also 
prompt for free sugars intake by asking the following: 
 How often do you go out to eat? What would you normally have (including drinks and 
desserts)? 
 How often do you eat ready-made meals? What would you normally have (including 
drinks and desserts)? 
 How often do you eat takeaway foods? What would you normally have (including 
drinks and desserts)? 
 How often do you drink sugary drinks (e.g. fruit juice, fizzy drink, flavoured milk)? 
 How often do you add sugar to your foods or drinks (e.g. white sugar, brown sugar, 
icing sugar)? 
 How often do you add sweet spreads (e.g. jam, honey, nutella) to your foods? 
 How often do you add sweet syrups (e.g. maple syrup, golden syrup, molasses) to your 
food or drinks? 
 How often do you add cooking sauces or table sauces and dressings to you foods (e.g. 
pre-packaged stir-fry sauces, tomato sauce, mayonnaise)? 
 How often do you eat lollies and chocolate? How much? 
 How often do you have bakery-type products (e.g. biscuits, muffins, cakes)? How 
much? 
 How often do you eat cold desserts (e.g. ice-cream, ice blocks, mousse)? How much? 
 How often do you eat sweetened breakfast cereals (e.g. porridge sachets, muesli, coco 
pops)? How much? 










 Diet history template: 
 Usual Intake Weekend Variation 










Dinner    
Supper   





















Appendix P: Example of 3-day weighed diet record analysis 
3-DAY WEIGHED DIET RECORD ANALYSIS 
Mean Daily Nutrients  
Energy (kJ) Free Sugars (g) % of total energy Teaspoons of Sugar 
9227 92.5 16.0 ~18.5 
Based on your average energy intake, it is recommended that you keep your free sugars intake 
below 29g which is approximately 6 teaspoons of sugar. 
 
Total Nutrients Per Day 
Day Energy (kJ) Free Sugars (g) % of total energy Teaspoons of Sugar 
1 8819 39.4 7.1 ~7.9 
2 8957 139.1 24.8 ~27.8 
3 9906 99 16.0 ~19.8 
 
Mean Daily Contribution to Nutrients from Food Groups 
Food Group Energy (kJ) Free Sugars (g) 
Sugar/sweets 2695 61.2 
Non-alcoholic beverages 643 26.4 
Poultry 694 3.5 
Bread-based dishes 760 0.8 
Fruit 679 0.4 
Dietary supplements 331 0.3 
Grains and Pasta 135 0 
Bread (inc rolls & speciality breads) 1530 0 
Milk 87 0 
Dairy products 227 0 
Cheese 185 0 
Butter and Margarine 305 0 
Eggs and egg dishes 188 0 
Vegetables 454 0 
Nuts and Seeds 314 0 
 
Mean Percentage Contribution to Nutrients from Food Groups 
Food Group Energy (%) Free Sugars (%) 
Sugar/sweets 28.8 64.8 
Non-alcoholic beverages 7 29.3 





Food Group Energy (%) Free Sugars (%) 
Bread based dishes 8.6 1.9 
Fruit 7.3 0.3 
Dietary supplements 3.7 0.2 
Grains and Pasta 1.5 0 
Bread (inc rolls & speciality breads) 16.9 0 
Milk 0.9 0 
Dairy products 2.6 0 
Cheese 1.9 0 
Butter and Margarine 3.4 0 
Eggs and egg dishes 2.1 0 
Vegetables 4.6 0 
Nuts and Seeds 3.4 0 
 
The main sources of your free sugars are: 
 Sugar/sweets - based on your 3-day weighed diet record this is the chocolate, bliss 
balls, liquorice and honey 












Appendix Q: Individual changes in intakes of other nutrients based on 3-day weighed diet record (mean) 







 B/L F/U Diff B/L F/U Diff B/L F/U Diff B/L F/U Diff 
P01 383.4 240.2 -143.2 197.4 196.9 -0.5 79.9 82.9 3.0 59.8 96.3 36.5 27.6 20.6 -7.0 
P02 339.4 277.4 -62.0 204.0 162.0 -42.1 59.0 95.8 36.8 55.5 90.6 35.1 25.5 25.3 -0.2 
P03 346.8 241.1 -105.7 179.1 141.0 -38.1 76.3 88.1 11.8 89.5 102.6 13.1 31.3 31.4 0.1 
P04 362.4 162.3 -200.1 227.6 122.4 -105.3 89.5 67.9 -21.6 96.2 61.2 -35.0 36.4 22.1 -14.3 
P05 301.7 261.3 -40.4 260.0 225.3 -34.7 133.8 129.6 -4.2 78.1 67.0 -11.1 26.0 24.0 -2.0 
P06 255.5 243.4 -12.1 111.8 151.1 39.3 78.5 95.3 16.8 97.7 77.2 -20.5 42.8 22.3 -20.5 
P07 208.9 154.0 -54.9 93.8 104.2 10.3 131.3 122.4 -8.9 117.5 55.0 -62.5 39.9 21.8 -18.1 
P08 275.7 195.9 -79.8 146.1 145.7 -0.4 57.1 64.7 7.6 40.9 25.8 -15.1 13.4 5.8 -7.6 
P09 157.2 105.2 -52.0 92.2 64.2 -28.0 37.8 38.2 0.4 54.4 44.2 -10.2 19.1 11.3 -7.8 
P10 234.7 162.0 -72.7 157.9 107.4 -50.4 67.7 43.6 -24.1 45.1 55.8 10.7 12.6 25.8 13.2 
P11 324.7 345.5 20.8 154.3 196.5 42.2 93.1 136.8 43.7 75.4 83.4 8.0 29.4 28.2 -1.2 
P12 258.2 152.3 -105.9 103.4 105.2 1.8 71.8 67.6 -4.2 45.3 54.6 9.3 15.2 18.0 2.8 
P13 175.5 271.6 96.1 88.2 179.3 91.1 58.9 81.2 22.3 102.8 41.9 -60.9 26.0 12.2 -13.8 



























 B/L F/U Diff B/L F/U Diff B/L F/U Diff B/L F/U Diff 
P01 19.4 45.7 26.3 6.8 24.5 17.7 35.2 28.0 -7.2 3796.0 2400.3 -1395.7 3094.0 5989.9 2895.9 
P02 18.2 40.0 21.8 6.2 15.1 8.9 29.3 42.6 13.3 3234.5 4583.4 1348.9 1747.6 1804.9 57.3 
P03 31.5 42.1 10.6 17.1 20.2 3.1 32.9 44.0 11.1 3055.0 4633.1 1578.1 3153.7 2630.9 -522.8 
P04 35.4 22.8 -12.6 15.9 9.2 -6.7 26.5 25.4 -1.1 3315.4 2522.8 -792.6 2361.3 1776.4 -584.9 
P05 28.7 23.7 -5.0 12.1 9.9 -2.2 40.9 28.9 -12.0 3019.5 2123.4 -896.1 4787.4 4670.8 -116.6 
P06 33.1 29.0 -4.0 12.6 17.8 5.2 28.5 29.6 1.1 2867.8 3452.3 584.5 1951.1 1276.0 -675.1 
P07 42.6 18.6 -24.1 23.1 8.1 -15.0 22.1 21.7 -0.4 5296.1 3168.2 -2127.9 3393.2 2231.9 -1161.3 
P08 13.5 8.3 -5.2 9.6 7.7 -1.7 17.2 22.5 5.3 1536.9 2126.4 589.5 2011.9 2305.7 293.8 
P09 18.7 19.6 0.9 11.4 9.7 -1.7 22.1 13.1 -9.0 1713.4 1285.5 -427.9 1304.9 2118.9 814.0 
P10 15.1 18.1 3.0 13.1 6.3 -6.8 28.8 18.5 -10.3 2441.4 1406.6 -1034.8 1472.3 1611.5 139.2 
P11 25.4 29.3 3.8 12.5 18.6 6.1 45.1 45.1 -0.1 4850.8 5236.0 385.2 2718.6 3194.6 476.0 
P12 13.0 19.5 6.5 12.0 9.0 -3.0 19.0 30.5 11.5 3687.6 2791.5 -896.1 2800.0 4081.9 1281.9 
P13 48.9 18.6 -30.3 20.6 7.5 -13.1 15.9 27.5 11.6 1906.1 3362.6 1456.5 2378.3 3315.2 936.9 























 B/L F/U Diff B/L F/U Diff B/L F/U Diff B/L F/U Diff 
P01 1.6 4.1 2.5 2.7 3.1 0.4 28.5 45.2 16.7 440.3 1044.7 604.4 1518.0 788.1 -729.9 
P02 0.9 1.3 0.4 1.4 2.3 0.9 28.7 42.0 13.3 250.6 356.0 105.4 922.0 1192.4 270.4 
P03 1.4 2.6 1.2 1.5 2.0 0.5 40.0 42.1 2.1 395.6 718.7 323.1 658.9 948.6 289.7 
P04 1.7 1.8 0.1 1.8 1.7 -0.1 41.7 29.9 -11.8 489.8 437.4 -52.4 863.6 620.0 -243.6 
P05 1.5 1.0 -0.5 1.8 1.1 -0.7 48.3 52.8 4.5 951.5 397.1 -554.4 1101.6 581.9 -519.7 
P06 0.9 1.8 0.9 1.4 1.7 0.3 31.7 38.8 7.1 184.9 241.8 56.9 841.1 1019.1 178.0 
P07 1.3 1.6 0.3 2.4 2.4 0.0 53.8 53.1 -0.7 298.2 521.7 223.5 1075.5 1126.6 51.1 
P08 1.7 1.1 -0.6 0.9 0.6 -0.3 32.4 35.6 3.2 144.2 64.6 -79.6 354.7 308.9 -45.8 
P09 0.8 1.5 0.7 1.4 1.2 -0.2 15.1 17.9 2.8 292.0 241.3 -50.7 561.0 584.3 23.3 
P10 1.2 0.6 -0.6 1.1 1.0 -0.1 25.1 12.4 -12.7 438.8 251.9 -186.9 674.3 703.3 29.0 
P11 1.8 1.3 -0.5 2.3 2.4 0.1 44.2 62.5 18.3 706.3 467.7 -238.6 1100.0 1128.3 28.3 
P12 1.3 1.1 -0.2 2.2 1.4 -0.8 28.8 21.7 -7.1 125.4 232.0 106.6 1301.2 552.5 -748.7 
P13 0.8 1.2 0.4 1.3 1.3 0.0 24.7 41.4 16.7 200.9 303.2 102.3 443.0 420.4 -22.6 























 B/L F/U Diff B/L F/U Diff B/L F/U Diff B/L F/U Diff 
P01 13.6 10.7 -2.9 11.4 11.2 -0.2 1041.4 1132.2 90.8 2.1 1.9 -0.2 3.4 1.6 -1.9 
P02 10.5 17.3 6.8 7.9 14.6 6.7 436.1 629.0 192.9 1.9 1.6 -0.3 1.1 1.3 0.2 
P03 17.9 16.1 -1.8 10.4 9.4 -1.0 381.5 1219.4 837.9 4.2 2.9 -1.3 4.0 3.1 -0.9 
P04 19.8 11.5 -8.3 9.3 6.9 -2.4 617.6 672.6 55.0 2.6 2.0 -0.6 4.2 3.3 -0.9 
P05 13.0 14.5 1.5 13.0 12.9 -0.1 366.4 545.0 178.6 1.6 1.8 0.2 1.9 2.4 0.5 
P06 10.9 13.0 2.1 7.6 11.4 3.8 798.8 931.8 133.0 2.3 2.1 -0.2 1.7 3.0 1.3 
P07 12.7 28.3 15.6 12.5 13.5 1.0 1159.0 890.9 -268.1 2.8 2.4 -0.4 5.8 73.6 67.8 
P08 14.5 9.1 -5.4 7.4 5.7 -1.7 297.2 427.9 130.7 1.6 2.7 1.1 3.4 2.8 -0.6 
P09 8.6 8.0 -0.6 4.1 3.8 -0.3 184.2 959.0 774.8 0.6 1.1 0.5 1.8 3.7 1.9 
P10 12.7 6.4 -6.3 7.7 5.4 -2.3 556.1 403.6 -152.5 1.7 0.7 -1.0 1.0 1.0 0.0 
P11 35.7 18.2 -17.5 12.5 14.6 2.1 3709.0 1314.3 -2394.7 2.3 3.6 1.3 91.9 3.3 -88.6 
P12 7.2 13.4 6.2 6.8 6.2 -0.6 1026.8 1004.5 -22.3 2.0 2.0 -0.1 2.3 1.7 -0.6 
P13 7.1 8.3 1.2 7.5 7.5 0.0 702.4 1222.1 519.7 1.1 2.4 1.3 2.7 1.5 -1.2 
















Appendix R: Individual changes in body weight and body mass index (mean) 









 B/L F/U Diff 
P01 64.3 64.0 -0.3 22.0 21.9 -0.1 
P02 84.3 82.3 -2.0 26.0 25.4 -0.6 
P03 60.7 60.1 -0.6 22.0 21.8 -0.2 
P04 70.2 69.0 -1.2 25.2 24.7 -0.5 
P05 78.2 77.1 -1.1 25.8 25.5 -0.3 
P06 64.2 61.9 -2.3 25.1 24.2 -0.9 
P07 92.0 93.1 1.1 32.2 32.6 0.4 
P08 51.3 51.9 0.6 21.9 22.2 0.3 
P09 50.3 49.9 -0.4 21.5 21.3 -0.2 
P10 61.5 61.7 0.2 23.7 23.8 0.1 
P11 68.6 68.6 0.0 23.7 23.7 0.0 
P12 82.0 78.4 -3.6 33.7 32.2 -1.5 
P13 61.4 59.2 -2.2 25.9 25.0 -0.9 






Difference (follow-up – baseline) 
 
 
